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HARWELL ENDS COLD FUSION RESEARCH PROGRAM 
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Summary of 'Cold Fusion 1 Wort »t Harwell Laboratory 


1. Neutron measurement* 

Our measurements are designed to achieve high sensitivity coupled with roeeawment of 
background at the same time and place at the sample measurement, together with careful checks for 
artifacts. 


First work employed the 4« neutron counter (efficiency 50%) with display of output on a chan 
recorder. Detection sensitivity was around 1 neutron per second from the specimens. 

at) In preliminary work, first a single cell comprising a bent, 1 mm diameter Pd wire cathode and 
Pt anode was electrolysed inside the 4ft neutron counter for 10 days. 


A set of 3 cells comprising the one above, with an attempt at surface poisoning, a cell with a 1mm 
thick plate and Pt anode, and a cell with a new 1 mm diameter wire and Pi(Rh) anode were 
electrolysed inside the 4ft counter for 10 days. 


b) An automatically controlled trolley for sample - blank interchange has been constructed for the 
4 ft neutron counter. A powered and an identical unpowered electrochemical cell are exchanged in 
the counter every 5mln. This period can be varied at will. Data is collected by computer and also 
displayed on chart recorders. This arrangement allows detection sensitivity 
~ a05 neutron per second from the specimens 


Specimens examined 

Pd foil in UOD/DjO 


. 


Qj. 

• with surface recombination poisons 

• with pro-electrolysed solutions 

• with Pt and Au anodes 

• with vacuum annealed metal 


Tired 
Ti granules 

TiFe (a known hydrogen storage material) 


with Au anode 

with D 2 SO 4 , D 2 S 04 /Pd Clj and "Jones 
Brew" 


• with "Jones Brew" and Au anode 

• with D 0 SO 4 and Pt anode 

• with DjSOa and deuterium uptake 
promoter (sodium polyphosphate) and Pt 
anode 


UPt 3 and CeAlj ("heavy electron metals") 

Pd specimens of different metallurgical structure (checks assertions that this is important 
. g different types) 

Pd specimens with D periodically eJcctrochemically loaded and then stripped (checks 
assertions that dynamic situations and moving phase boundaries are important) 

Pd specimens that have been plastically deformed (checks assertions that fresh 
dislocations are important) 


e) A simple counting assembly comprising 8 cells in 2 water baths, fitted with ®He neutron 
detectors, and y counters thresholded to display all counts over 1.75McV was constructed. This 
assembly was capable of detecting emissions at the level of a few hundred events per second. 

Specimens examined s 

1. 2mm x 10cm Pd rod; 64mA cm* 2 ; Pt anode 

2. 1mm x 10cm Pd rod; 36hr at 64mA cm * 2 followed by cycle 64 <-» 6.4 mA hourly; Pt anode 
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b) ’Isothermal’ 

u*e* i C4Jorimct«r de^gnedfbr nuclear safeguards work. It has a large specimen 
chamber into which a cell with 2 litre electrolyte capacity has been fitted Anode and cathode eases 
ara kept separate and are lead out of the calorimeter separately. The Urge electrolyte volume means 
that topping up is unnecessary. The control system measures the power required to maintain the 
chamber at constant temperature (42 C) : power emission from the cell causes a reduction in this 

This means of onerarion eHminatpc the tlnmns .#. 1 . ■ « 



stability 

specimens examined (0.1MUOD) : 


2mm Pd rod 
arc remelted Pd beads 

2mm rod annealed in vacuum and preloaded with Do 

from the gas phase 

fourth type of cast Pd 
Pt control specimen 
variety of current densities 

3, Electrochemical support 

Characterisation ofpenetratioft times for D into Pd and Hj dependence of loading on solution 
composition and effect of surface hydrogen recombination ptnsons; measurement of potential-time 
transient after current interruption to characterise D loading. 


4. Analytical support 

a) measurement of D in Pd by hot extra 
upon removal from the electnxh 

b) measurement of *He in Pd b; 



deal ma 




jss Spectrometry (specimen frozen in liquid nitrogen 
11 in order to retain D). 

:trometiy; calibration by "standard additions" of He to 


— ... Pd by mass i 

cathodes using ion implantation. 

c) isotopic purity, 14 content (Including isotopic content), and trace impurity content of electrolytes, 

d) measurement of tritium in electrolytes. 

t) optical and scanning electron microscopy of electrodes; electron probe microanalysis. 

f) SIMS (for Li profile and distribution) and ESCA of electrode surfaces; SIMS calibration against 
an ion implanted standard. 

$*J e SK*? r .activation products; calibration by exposure of Pd to a standard neutron source 

(l(r s *), in a tube, immersed in a water bath. 

S. Attempted repeats of the 'Frascati 1 experiment 

Thedetector in idabove was used in this work, which was a collaboration with Culham 
Ls^oratoiy and JBT. Counting was also carried out at JET. Ten different experiments were 
performed, using a vanety of conditions of gas loading and temperature-dme history. 


.inntfcn* 


3. 1mm * 10cm Pd spiral, surface poisoned. 64mA cm Aft inode 

4 1mm s 15cm Pd wire ; as 2 but cffjedtvay 5 min; Pt(!h) anode 

5 1 mm x 5cra Pd wire; 500mA cmA Pt(Rh) anode 

6 4cm x lcm x 0. 1mm foil; graphite anode , 

7 0.15cm x 8 cm Pd(Ag) tube; p2wi) anode 100 mA cm' 2 

g o.l5cm x 8 cm Pd(Ag) tube; Pt&h) anode; various cycles including alternate anodic/ cathodic 
Perils W0. lMLiOD/DjO electrolyte . 

The anode in cell 6 disintegrated after some days and had contaminated die cathode with copper. 
The cell was replaced with the cell containing die plate from a) above, after the plate bad been 
abraded, with electrolyte concentration about 1M LiOD and run at 160 mA an * ( 2A total current). 
After several weeks the electrolyte concentration in this cell was reduced to 0.2M and the current 
density ID 16mA cm" ♦ 


d) A double chamber neutron counter has been constructed. This features two cavities of 
dimension 40 cm x 25cm x 30cm deep, side byside , constructed of borated resigblocks 15cm 
thick, and lined with Cd sheet and polythene. Each cavity has 16 high-pressure *He counters 
arranged in two banks of 8, sealed in triple polythene bags and desocated. One cavity counts the 
soecimwi whilst die other counts the background. Data is displayed on chart recorders and also 
coveted by computer. Counting sensitivity is 4%, corresponding to a few neutron per second 
inside the cavity. The Cells from b) above were transferred to this detector after about 6 weeks of 
electrolysis 

a) A sensitive y counting assembly has been constructed, with a large Intrinsic Ce detector 
surrounded by a thick lead shield. This detector has been used to search fer 5MeV yfrom the p-d 
reaction, using Pd and Ti cathodes in mixed D 2 0/ H 2 0 electrolyte. ( The p • d reaction has higher 
cross-section than the d - d reaction, at low energy ). 

2. Calorimetry 

a) 'Poni-Fleisehmann' heat-flow calorimeters 

16 calorimeters comprising glass Dewar flasks held in a high-subiliy water bath ( design similar to 
those used by Pons and Fleischmanr. ) have been constructed. Pull data-logging is used. 

Samples examined : 

1 , 2. 4, 6mm diameter rods Cspecpure*) from Johnson Matthey 

O.lMUOD/EhO 

O.lMLiOH/IftO 

O.lMNaOD/EhO 

CUMNaOH/HjO 

Neutron counters are placed above these assemblies 


b) Improved heat-flow calorimeters 

These have larger internal volume, with the cells surrounded by an aluminium case whose 
temperature is measured. The case integrates the heat flow from the cell and measurement ofuie 
te mp erature of die case eliminates the sloping background and temperature gradients which bedevil 
measurements with the Pons-Fleischmann design. They also have larger separation between anode 
and cathode and are insulated to ensure radial neat flow only from the sample space. 


Specimens examined (O.lMLiOD):- 

2mm 'ipecpure' Pd rod 
3 different types of east Pd 

. . 
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Telephone: 617-495-2864 
Telex: 9102502591 (HARV BSN) 
Fee: 617495*0416 


Lyman Physics Laboratory 
Harvard University 
Cambridge, MR 0213 


June 14, 19J9 


Mr. W 
Cold Fu 
ER-6, 

DepartmentVof Energy 
FAX 202^6*3119 

Dear Bill 


odard, Secretary 




0 


I am sending with this message a copy of reports frome those 
who went to Utah. Please FAX all 12 pages to all members of the 
Cold Fusion Panel as soon as possible. I have only limited FAX 
facilities here. 

I am also sending you acopy of a letter that John and I hav > 


each received from Bockris. Due to my being in Chicago I did not 

50 and since then I have been trying 


receive it until two days ag< _ 

unsuccessfully to reach John ttuizenga to discuss it. I have no 
objection to having some of Bockris' candidates added, though the 
committee is large at present. However, it would be good to have a 
membership which he considered fair. Incidentally I do not know 
how he gets a "united opinion" at Harvard. I've almost never found 
it possible at Harvard to obtain, a united opinion on anythig and as 

as ?. know tl)erc have been relatively few Harvard statements on 
this subject. 





Sincerely, 
Norman Ramsey 
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Hartford University 
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SUBJECT; Visit to the University of Utah 

University of Utoh* 9 Anen^B^^ifij^f 1 ^” of our P anel visited the 
Faulkner and 'f * 7 M ^“' 

Goodwin. After an initial discussion u- I m F,nn and David 
visited the laboratories of Pw SoTo^h “S? 1 Brophy W{! 
discussing with Dean Wadsworth^' “ 1U " Ch whi » 

combinirrepon 'ffiSSt ‘V 51 ' 0 " “ d ‘*’“ * 

and since there i, ,ht? °l individual fe r°«‘ 

the Panel, it seems he«t ♦« ?j !?v n . “ m ® t>cfore tiie next meeting of 
as the report of the meeting a ” d * ndiv * dual re poms 

from me there are a bin rfnnn K ^’ ™ com P™ym this report 
Barry Miller and V iSd^^.^rwurL^ ^ ald 

Ton, Finn and Dav*d Goodwin ZT * 

my own* Views with no 'effor'^'svn'th ^ U ! ni,ed 10 a statement of 
received from others To ™«t? y " the512e “. Wlth the reports I have 

information contained in the reports “of ^hers 0 ”’ ' ShaU 0mit facluitl 

Pons laborator^diaf 1 h a d by ,he worl: “ 

received in advance The i t? C » tCd f f 0m thc ^formation I had 
with 5 instrumentaion and Pons and°his a rcas . onab ^ Wcl1 ©quipped 
considerable experience in elLfr.1- associates hav © ^ad 
num% of high P heat runs with fhrTl***' i Thcy have now had 1 
above the disputed I.54 volts oont^ri^ D lmmcd as positivc well 
he was 70 % sure he had exeetc h* * 0I !.' ^? ns stated that wherea > 
announcement he was now 99% sure 't? C ” /^ ey mdc their first 
some runs now exceeded * 

l 
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was not completely clear that this included all the enersv i„ , k 
palladium preparatory stage, er * y In 

*1,"! was 0P«™*ing at high beat output during our visii 
presumably due to a power failure two nights previous t o 0 ur U si , 

I believe that the Committee did not locate nn ■ « . 

Z° r p. that , wa ' 50 conspicuous that all present could agree thaMt' r 
invalidated all previous results. However heat m », 8 that 1 
notably treacherous and it seem e rfTm.? ( L measurements 
to obtain false results. ^ at tbere Were possibilities 

In my opinion the weakest portion of the » 

from the fact that the heat j Ql ine ex P enm ®nt arose 

the temperature of h e cell nd lTrLT TT ed by de ^miug 
this and from the coefficll o? £* 8Cnmtcd f ™ 

emor in this coefficient or an undetfedtange fesTsK 
heal !L a s r rreSP ,° nding Chan * e in ,he calculated heat output Tit 

r * regularly made during periods of high heat 
generation. So far there has been no time for a response. 

system^' ‘ 1 “ t J ,he ceU is not °P erat cd as a close! 

Md with lverJ, k ™ and 0x ^ m be '"S catalytically combined 

ZTtZEttsrr m p c,os ' d •»«“ 

be better and he hopes to have one^'S ,* m * m WOl ' d 

is that^on the Kf'this one visit TIT" “ ?° n ° Ubom ^ 
but on the other hand t"L° “nVeo' vincTd th'e /Z “ — 

experiniMts^n^'those'^of 6 Ws^olU^rators ^Th WadswOT . th his 
primarily intended to produce ac .v at ed .u /a “ expenments w!re 
could do metallurgical smdles As s tln. ^ ° n which 
give convincing proof of Tt txteL J £ 'l S* wer * not desi 8 ncd to 
Originally ,heif experiment showed' no hi T* 

output bu, subsequently they h.veVd iS&ZTS* 
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the cell wee betaropS**? Li .* * h beat excursi °™ while 
measurably change even though it shod^d^VTi, V °„ 1,age did not 
the resistance on temperature. Later I received a Dhnn C " of 

member of his staff who said they had found th.^u T * fr< m a 

chMged'from* being * const^f'wmnt to*c “ ,‘ h * level ob '*™ ed ”ft 

measuremen t s!* impUCa,i0 ”’ ° f ““ ob ~ ’X ^ 

S.l.ma?of e £ Phy'to StT^TTX 1 * 0 ^- Dr - MichaM 
allowed to place coSs,^ b “" 

the opportunity to analyze the data and m. C S ^ as hot yet had 
experiment during the rime ? which 7 ? ° f h ‘ s 

sodium iodide scintillator beneath the waL htfK° lin f* L He faas a 
plastic sandwich of uranium*235 to detect tk* Wltb * be cells jnd a 
fission by tracks in the e” ind ^ d 

give a good determination of «f, ,!«?.?* j Se obsc *vations should 

any that would be produced by the fusioif n/T™ J ayS * incIudinj; 
to helium-4 provided^ the excess energies 7,*“ 

gamma rays. Although Salaman’s data haf uot ve hfl T , 
analyzed, he feels that it is well bei™ tul i °\ y * beftn cxtenfil vsly 
Pons’ heat results were due Tany noJ^ ft* "* W ° Uld ***** if 
we should be careful about mmtinn c t fission process. I believe 
implication. He appears to be an * a aman Publicly by name or by 
Information and itTouTd Srf £ e .Mo« T™ ° f . V “ 

terminated by strained u oss bis cx Pc nm ents were 

oy strained relations between himself and p 0 ns. 

p^ucHorrfU^iiruif^n* ,he p° ssibiiit y 

as in the theories of Simon and w in**" *t 1 . n ! dlrei!t, 5' *° the lattice 

President of the Unfve^y ^er^wa? thtl m h' nd0rS ' d ^ th ' 
experimentaJ evidence for th«* *• th0 ' , 8“ t to be some early 

helium-4, butTb“fe V e This „ P . > l. C ‘ ,0n ° f large amottnts ° f 
contamination of the m»« ^ or bas now been withdrawn due t) 

preliminary results hold and !P f C the m po e ns ,Wi | h - 1 ' elium ' If Salamon's 
of the greatest needs is to a tolaWe d , ™ !' emain - ™ 

produced. Unfortunately * this seemJ J ' S | ^ rmina “°" of helium- 1 
agrechients with the oalladinm c< ^ 10 somewhat complicated jy 

»*»».. of the used P eJec,r^es PP W tha ‘ he Sh ° U ' d do tha 
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My net conclusion from the total vie* it .u„* , 

tzzvz - 

diffleT™ JSLSSd how^there^alT^^urioIf Zugh 1 ?"“" *"* 

ssr-Lr^ s .rsHS ? - 

group to work with a well eouioned and e v n . • ° V 15 * or P° n * 
« Los Alamos or Argonno TS “ S '“ h 

working bvT reS ° IVCd With a P*^*™ electrode that h 
working by the measurements of the Pons group. 

Norman F. Ramsey 
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COKFIPSNTIAL *0 TK* DOB PAHBL OK COLD FVBlOH 

Report on Salt Lake city Visit 
A,J. Bard. L.R. raulkner, and b. Miller 

Data viait, June a, 1989 bate of R<iport . Juii .u l9jJ9 

w. n SS! r »biV? >or J ant 

praetiaasf anS *"*=•“'«»”«' * any 

o.libr.tion. (» p»rtio5larly X Sruel2l*^SttIir? i J»S 1,<1 i^ •*PMi*«ntal 
»at*riale. y WUC4 » i matter) and about hie of 

Md P ??*V b ^T”"^* ”«» “P®n « 

«*t.rainlbu OB^t^^roduat^t 'th^currant^IT’' 1 ’^ 11 ’ ™ P r *»l»«ly 
voltage aoroa. it- both road i 1 v ST . ^ 5 r ! 5 n ^. tha cal L and tha 

figurao. Pono'a ooSaiSiJm: 1 ^ *° ur »i 9 niticai>t 
quantity by autotraotLn of 1.54 v tiL^thi^.f i °° t *' 0Otion * £ tw * 
account for tha enthalov leavlnrx*£-!!i? b otl1 cur *«nt, Uo 

n nd “ r i Y i nf aaauaption K thj? J? 0 % SSr^f °2 ? nd V «»• 

D 3 and 0 2 , which is vented perfectly. rfr * nt * OM to JWduoe 

US&TS^ ^Sa^SH^r?* 1 f- 5 »" « *«”«2 “• 

di«a»ntiale between thi t *ntmior h o# P bi Mry ,? at V r * t *®P*?»tur. 
isothermal bath. imat ha. Set hSL iSS 8 f* 11 and th « «t«3nea 
linking th... rigu^^ShS^St'^^S'iS^S'onhr 

^tfi-ssr ?s? xt r of • 

: asAasfTai^fsS^ 4T ' 

proceaa, thus maintaining !i»ii a ? f a tirr 4^ the electrolyt ic 

dissipation. Once k n ie datarmln^d h 9 ° ondltion » *0* P<»wer 
^lectroohanioal act?on i. pow * r * volv ^ : W the 

difference in temperature bStSeJS JL L^®.?^^? of k t> *'* the 
calibration heater off > and li h operating cell (wi€h itie 

b i J£ 4 5 tntlal waB “^ovn tS reach 30^ o^Jora^h * T J£? fcan P« r< ^ u ^ 
both^fron' favorable cases {exoaes h*h£\ ^ ia can bn true 

densities. The cells hove a vaeu u 2 # ?£ivf£ !? igh in P ut currert 
to the /therwostatted bath. Particularlv -^w . reduce heat tiansfer 

38Ck * t * rath « t»«n vacuum, 


• vv> Tfc-4 V 




nmm miSKi 




}o| |0O) 

(V 


considered below, 4 vacuum Jacket b. B + . , 

th ®«* Jeoketed cell* appwi to ba about ana.K^?#^^ corBt < in t of 
calibration cycle tk^r” 

maa»uroblo*to b 0?0l^ henc^the^aicK^ ° f flhout a *» 

no »t three significant fibres. 11 * d h * ***** valuse hava at 

depend® S^thi^JgnitudS o^thi °di f f IreSoi f i^ # tanDLj?* f f Lc ^ cnt k D 

b»th and o*n. m using the value o^k" It bf tw.an D 

calculate the evolved heat oowaJ pSno X P-*J- tIi * ( . 0parttt4 ’ n 9 Pfint to 
constant over the range of SlJ ta»n 2 L?I*.!! B S ftln ’ that V >■•!«»■ 
bath to the operating point. His fr 2® th ® val ' l ° ®f the 

heat transfer coefficient k* at the 

i* r * Ut * d to the evolved V Which 

i. the b.«h t.mperature. The dl«.r.5 t l.l vUut *{< ; 


<v 


5 cm red 


*D ■ / k D dT/f °4T 

T b Gj 

indi^u!;r?J;MrjnS«.“^In^?\E”“ nt • ”»tho»,tla.i nodel 

00U, th«Ir experimental approach •ppear.^'to^luBm^.If^S? ’! tha 
the measured Jc D * 99 appears to lump all effect# into 

uneerSin“*i£%!&.'!J «tiM?fo!l I of r Sj“l«d*h;i? nif iS ,,nt 

ia large enough to cast doubt on the*Iv;«rf.a h at i 7110 uncertainty 
all but tha »Mt .ub 8 tan??“ c!i.a h r.^«id S; • X “ BS ht ,t ln 
*• w« r a taken through a “battar c«.«!! P wfSj a .^ $*?: r° r 

characteristics; * ” #r c with tft ® following operating 

Electrode t 
Current; 

Voltage; 

Cell Temperature; 65,30“ 

Bath Temperature; 30 . 00 ° 

Evolved heat powJr; °‘ 184 
Electrical input power: 

*. Excess heat 1 

Power produced ae D a and O a - 

Pons'* excise hea€ t 

S) , and 35 % above inpjt power aasu^i 22 fnl? “ P° r °® nt ® 7 ® of Item 
11 as a percentage of its* a? a ?? u J in ? 100 J tvoived product! (item 
the operating point (i a ic ^ J f ,5l wa « 19 - 35 t lower than k' a* 
would be nil. m faot'kn i? a Buffia7e«^^° ^ ^ * the excefcs heat 
temperature to believe tSat^hia^f^U^f^n^^St^, 


1. 

2. 

3. 

4. 

5. 

0. 

7. 

8. 
9. 

10, 

11 . 


0.4 cm dia. x 1^2 
600 mA (380 mA/cnr) 
9.380 V 
66.30° 


6.682 

5.638 

1.054 

0.924 

1.978 


W/°C 
W 

w 
w 
w 
w 


(net above electrical input) 




£*• 

with *" sR-t'o,* Xn r «2rr»l ll k°f ln i* r,Bt 

„th ^gj*’ T b' Pona'a practice of * ■*!,«< ' ^rjin Jr4a«ea 
ov«rastiaate th® •volvod haat pow ;* • MualB » *D - kj « *<pf*ted to 

•volvS^.It^aSurStn^/^a^aSd^t^Q*' oapabla of d**ini»g tha 
•ftou^h over th* op*r*tin& °*5*kr*ti<in 

kj diraetly. Wavero shown thl* 5 tn9i to b * * bi ® to calculate, 

valu* ovar many stop® for^oi®*®®??? h 2„J th® dil flrantiai 

rafinamant ha® bean appliad to tha ^ 

fifttiflfJctS?y 0 ba»i 6 h fS?'dK*iJ®flo t ti n cu * r * nt practioa l® Q ^t a 
powar that ha raporte in burata u-f? *ktraordinary avolvai -haat 
data in which th? haSt powir iJo^S^"?/ 41 ?* or ***•■ »« ;>*ovidad 
ordar of magnitude, Th?® la too laroa a S?M P ° Wer by nor * ‘4 an 
taiaa&aignmant of k T « B k*. Tha o*if f 4l *? r# ?* no > r to aaitlgn to 

ohown to ua dacraalad, conaiatant with an^*i SSfi*'? bur,l f record 

internin' ?^i^'p5SL , S: 1 S d ^!SS, am ° f °«>« *•«-! 


tiraawwi * 

< oppSrtunlty S ’to t analyL"pio^i 9 0 !*M r J 1 1 J b °ratori, B tlo 

•ho U ld b. iv^il.bU^itSin'rn.^thf f ° r H *’ BMUlt " 


hand* of Investigator, outaide t 1 ** 4 is no " in i|he 

declined to id.nlif^T^ **“• lle 

^nSKi^r'n ^*0^2!; no „rr* s-j ^ * «*» 

confusion ovar this control ii-A** H >LJ ay * t ? At P rav i°ui 
in aarliar axparimanta a? 1 ®!????,,?? ? e choa * to “*«>, 

iVArjirS ■ “, as= T- 

U) Th *** Wftr ® A numbar of commant® about material®? 
( ® a «Pla, L whi?h w?? n ato?ad dry” Att*ntion° ld U9 J 8) 

toSlSS the 

ebaorption .ho^n^en* 6 ^.:!^ “» 

‘bibSrUtoiiei** I-! Cambridge 

Performance from beteh w°b^” V “ riatlon * in 


J ••’’ V*. 

y> • / 
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(e) Pena claims that all Pd rods > 1 an diameter and 
< 8 mm diameter have worked, a e ingle red • an in 
diameter haa not ahevn excess heat. Rode j i as mow 
about a 50% success rate. All of Pens'* sample* are 
fron Johnson-Matthey . He wee evaeive in repivl a to 
questions about whether hia a ample* were standard 
Material* from Johnson-Mat thay. He *ald that th»re wee 
no epeeial pretreatment of the rode. 

(d) He waa definite in saying that nothing was 
deliberately added to the electrolyte besides ll and 
D 3 0. 

(5) Despite Pone 'a comments about loot euooees with rods 
between 1 mm and 4 inn, he had no cells in operation *:5at 
showed excess heat* He attributed th ot to a reodnt 
power failure* 


(6) Some mention of future use of other kinds of 
calorimeters was made and power supplies capable of 
handling larger ecele experiments were pointed out by Pons* 

No electrodes larger than those reported in their J. ' 
Blectroanai^ Cham, paper were visible. No closed 
(regeneration) cells have been uoed by Pons. He declared 
that he plans to do experiments with them. 

(7) Questions concerning Harwell experiments elicited 
ambiguous answers implying inconsistent to negative 
results. Harwell had e complete cell that had shown nxcoss 
heat in Pons and Fleischmann'e laboratories. Moreover, 
Harwell worked under guidance from Pleischmann. 

(6) Tritium Measurements showed that the largest amounts 
ever observed (during bursts) was about 2.3 times 
background (which was 10-20 dpm) • 

The visit with Wadsworth's group provided much less definitive 
information. They reported sizeable quantities of exoess leal; in 
big, fairly short-lived excursions. However, thsir data w« re 
compromised by unsatisfactory instrumental limitations and by 
unreasonably small changes in cell voltage during the eisekle 
temperature change*. 

During this vieit Michael Salamon reported on neutron (by 
nuclear track techniques measuring NaOH-etohatole damage in 
polycarbonate disks) and gamma emission on Pona electrodes that 
were showing excess heat at the time of measurement, preliminary 
spectra showed no gammas above background in any expected energy 
region up to 24 Mev. A "blind" looation distribution of dish®, 
discussed prior to full analysis, showed no obvious high densities 
beyond Poisson-cosmic ray expectation. A full report of this work 
would be of value to the panel since it attempts a correlation of 
possible fusion products to calorimetric data. 
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n# cold Fution Panel 
on dune 3, 1919 

J * Tht Difeu *»iono with Dr, Stanley Po n . 
fwo^ooluronlnti $ ff * TOs§ * C r? ^'’ atir w * ,IK Wl programmed t 0 record 

thi electrical powSr*d«po!itlld in*the°2l*i/ rQm Which on * c * n inf0r 

tenpereLr^IErfrwVprJJw^ ??“ 04ft inf * r th,# «•!* 

flow to the eurroundingsl P of tho system, the heat 


gsa ssjssir&s.? 1 ^ SSSSftasiari. 

this pair *nd multiplying hy tv* oa*s*-w* ® Potential drop across 
P9.,ible to totaraiM tg a,JSiS2®K/y rM ? t V,lu * U '»■ 
pair of wires was uead read tha input to tho celJ . & *econd 

supposedly well known calibration eurvee°InI* aii J2 n ? # * **•*' 

tenpmture from tha resistance reading - A *h?S!J 14 } n£ar th * Cell 
ba used to supply currant to the i r V** r o£ «*uid 

fairly high-power carbon!?) r^s?** 44 ^*** * heaters wars 
within a J-.h«p e d giaJ, ? u bl^ kSSp ihaS J!i 0r Iw C ™ #ot * d in *«iss 
inserted to nearly the bottom of frh* P *i d f y ‘ T ^ e ^Shaped tube was 
thst only one or the cells aStSfi 1 i\*l e f troXytto cell. 1 noticed 
calibrating resistors. Tha leads 1 Sh? J aa<3s attached to thl 
-eernad^ never to have had^Iny J5J.J W#re ‘hashed 

straight, unacratched and unbant, mv ?»«ti * llf Thay w * ‘e 

cawftuf ii* could evr have been ci libra is thmt onl y> of 
th » w«s recording the voltage dross * However, a laboratory 

eu \ 0 B 4 !.“^ 0,t i? do ” nd th» t^i^s; - r« 1 «r^: nt . curr " n :' 

every fiv. r h , 

^e«imM t stM C oS V ?h, , Slt«ni l of r t ,?** V1 ” B the l«b°r«tory, « 

?*?"'■ deaet ‘ 1 PMoo*of*?he i e,lib*etion r ' :ieUl * rl5r °" 

power was in adf?rtf Ure<3 vtry Precisely. However* 1 **!! th ^?. cal Lbrat ing 

disaipatad in 

* m currant. This procedure 
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1RAB viait tt^ h| h 

D^bStltJn^th^e 0 ?! fflvan * »««»urai 
i» flowing but of tho coll? stop d*to * ni3 th * how much hoot 

whoro C woo soma constant whioh w*I ?II d * „ a * ,wna that dQ^dt - c OT 
thi. 1 . "Nawton's Uw of cSSiSgT tSSSSS^l ?f D ?: ™ oourSd, 

** ow etn 1 Inor * explicated function ii iS * n?wn that 

CT COB ono bo aura that Nawton'a law ? T tnd ° nl ^ *®r amall 

moot important doviotlons to Nawton'a law „# n ® i? valid, Tho two 
convection, for example of the air hatw*a»i 0 5h C00l ^ n ® * r ® * r ®b 

m t)1 , , ir « ^rusy^s^^rrrjs^t 

Aa many people have already noted th* 

«>«t th, but 4iS;Adi h «lti«n; r !» ,, JJ * tir !' M - Thi, 

which counter the natural tendency ol »h.ff:i y ,?M h * ■•oli»»l*»e 
the hot fluid flouting on top of the -hill*?? fi uld , t0 »ti'«tify, with 
people.toutly nelnteln that'the bubblM l I5.*l5l5; J lthou ° ! the Uteh 
otir the aolution, other orouo* with adaquata to thoroughly 

etirrino nek., , eubetiStiSl §*ffe«n« ii thf* ’ f* port tb ‘ ,: 

h,,ter not p"dS””uiEl« 01 coura '- 

Fleishman arguments about bubble* as aiwSJ !«.?* ? llf *° tl3 * *'°na- 
questionable for tha calibrating a d stirri no mechanism are 
calibrating heS.S J-rhap- thi. ±. why SI 

going through the c#ll and BPimmAKi ®l«ctrolytic cur iron t wt& 

Clear hew one could do ^.hlefujTC 7 , Producing bubblee. it i. »« 

re, is tore without lone McS.n?ii bl ':J 1 ? n " ith th « he.tliS 

the bubble*, ln ° *» eh »ni»* which rock, up th, :.ixi n g st 

If 1 Correctly understood the talk ot th. 

whoe, more below) they tried to clihtJt! Vteh netallurgiitn (about 
in their cell, by electJoJyziSg «d£^ h “ t , £lo ’ t «e.„ U r,m.„i, 

2i; t f? Bt *S by th « POtzllng “encSrSon ” tJ2J ?',fi thou ® h 1 " a » 80 
detaili of their procedure, i0ri ' tbat I did not get the 

e v **wgr»ph*wi t h U **^u£ed B heet t f low h neeh “f hi * " bl » alt ho*," which wee 

e*i*t°et U the ^ V’&\ 1 ^ 

calibration c SS J 

’ ^or still unclear waaann. ^t. 

?.u 1 r7* o? *‘ b ' rB ™« d ‘*°«Mci2u; r in "^'^ss’.bSs't, n ° 

sr»~sKrr 

* ■»« 


JXAB visit to ut.^, 

ctli •nd 1 tt b ltt»t t p5rti«iij 2tl#*iJd b feo C thi» 0 ro lori f° the tep e,f the 

T1 ??,? nd ; s,,in « »«•!*.« t u„ y 

«n important lit of viaitoS^ind lithouah^ll^^a.SS 0 ^^* h ' 411 * 4 >■ 
axplainad to st®n Pons that wa wanted Bard had PWiouoly 

detail* of how one tnilynd tha data f *.«» witty-gritty 

wti. boat, no call “IS* UwitlS! J& .?i! h * ia anting 7 

failura. Kay piece. of data* JapeSuilS 2 .?SilK 4 b ! 0#u f* * P»*« 

calibration of tho calorimeter war a missing. p,rtt4n lB0 tha 

wi th^the"* a# l ing*that we^hil^ee^thl^i 1 t ? sttn ’ , Moratory laft me 
did not iti a wLkilm Z.ii */!?,. the clM »ic Potemkin village, w. 

procedure » but instead we get f "truat 0 me"*ei*Jn thf €ruc± * 1 calibration 

cello ■oaaiod navar to halo bean Ho *' •* th. 

seemed to hava boon hurriadlv'thpaiwfli*?* 1 * tll i * Bd thay alio 
victor. r.th.r tS# t5 iSS'dJu to ®»* h « »• i»P«« «,du:iou. 

Jb 

II. Th. Bi.euMl.ns with th. M.t.llurai.t. 

According to vici Pfiildlint Brooby a Apnim « * 

B«n u.d.woifth, from th. Vniv«Ji£; Sfe 

confirmed th. goner. tion of ti rVt .. h.i. .m. 7 ” lnd»p»nd«ntl. 

"excursion." axoaaa neat, most spectacularly in an 

hi5*S4Bu?* , 5o^: , jh“ 0 e *th5; 522 w ta «•- * *« =t st.n 

ver.ue teiApwrature rig. in th.^ J m Jot ?* h ** t !1 °" «« 

direction * That le it eee^d tilt til *** ln *• ■'rone 

i* r *}* rw t * mptr ‘ tur « di<«erSntiIli ?Ji f«iotanco inoroaaad 

aiffht axpact from convactiv. or radiati^^ IrlclootV**'"*' "* ,?n# 

S # th?5SfJi5J ;- t consent cSrJ2t # ic?cli°?h COn,, ^ t * <J ° £ 1 ^•Wtph 

tml cwl i K tewperatura as a functioi of tiia th %J #X i • 1 ? ctr ^c« end also 
was on the order of half a day SoSe lilV a T f 6 total e l«P*«« time 
in temperature of .*25? 2 d 2 dU Jj nfir th * nisrbfc <*»«• 

■ the experiment was terminated Z ?* The cal1 w « 3 unattended 

- 2.;; a* 11 } th « c«u wit" ^h2?J? w2??r nex i. ,n ? rn1 ?® Khan a ^« ne ”22* 

< .bout- 10 von.) cJT *.?" *”* at »o»t) 1» th. volilti 

® 4nc * C. tamper a ture riae of SO^C Soui^h 38 * durlnfl the excurs Ion? 

by ae le «« *<>•»* tltl' X* r ™T , J k tht te.ig t.ne. of 
Oata and the temperature data are comni.frS?5 ? tf the Cel1 v cLtage 
the excursion must be discounted .22^? y . inconsistBBt ' I think 

for example, a loose connection in the ther22e2L? XP * ri “* atal prab l B,n * 

e thermocouple power supply, 

// 


. j-i . ,.,* 

• ; >r: 


»m yj ixi to 


l(pl{CD5 


tr. «eh..l .T "" BUeU,,t ° M * ith *• *W« 

••««[«: s’ ^ jr:r h *- 

•o-sil# i^id, tu nL?Ju!t« n,3 i * 5 * ™!S "«•>»»« 

sm*:* ^ sS?r - ^ 

2SJS2"*2. t 2tSn3*? r '^Jw a . 4 tR: S a S*S T * ,5 ^“ r * 

(lextn?) »ubstr?tl ild ^ y k* ttichift ® a ur.niui^a?* 0 ?.?? 1 ^*' 4 * Th* 
th. fi„ ion till”™* S:5! # ?S ltntly -tchS? out V^tic 

«»• calls, includiSfl e.?i ! #0 J, 10 ? •**avich.s Sirs 2? t r,ck •* 
producing ^f.** 1 ^* which iuddbi^i!! „J5* pl * e# undtr ®«ch o t 


th. she: SM *!«■ 

producing sxeas. h«t Jh. Whlch ? u «>°Mdly wJJJ °* un *« ®« 

Th * •M».r;. r r.:ji r ; ?r„. 

TV. Wh. k . . 


In «y vi„ lt , *" Wh * e <!i,, ** lMn ^ 

in "ur th«» «• dia „ t 

StSSS 

etcher. I becoed JfJ „ t ®* indorses Cold B tory in th. Tines 

‘ - » s 5=rs*-4sar. - 

“ ■*«%? UWrt * - ««*•«.. #f th . 

3. » . ✓ <X “° H U 

31 M0 ” 0f th. e.„. prob . hly .. 

5) Cohtrtry to .svw ** WtS 

~** rrf not 

1 ^ould bm hsonv ^ *‘* f 

opportunity to *«I° Bndor> ® cold fusion 4 . , 
h.st flow a working cell -Hi 0 ” 1 we *. aiv.n i-h* 

iss^sviF^^^h^i^att-gs ■? “ 

&rsv:5»^ 


w.r. not eftlibrst.d .t m, 

th * K * t,nur ^ MnrtMt «, S 


Pe.snt .nd du. fi h * • xp,riffi *nts. sh^?^ ^ k * about «»*?? °l th 
volunteer ^UCZ.tr , S «OUld th. .Xce*« k* "*** 0t ®y 

»ti,. r for . I »onltf r“oi 1 ?.\!« * n . 

*•«. or mi>? s 


him 

on 
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MEMO 


DATE: 6/12/89 

TO: "COLD FUSION" VISITORS 

FROM: JOMB 


In the following, we seek to avoid misunderstandings about the work on 
electrochemical Cold Fusion which is going on (in three sub-groups) at Texas 
A&M University. 

1) We are interested in the experiments reported by Fleischmann and Pons, 
and by Jones, which mention cold fusion obtained by electrochemical 
confinement . 

2) We take the attitude that the presence of cold fusion in the 
experiments carried out by these workers is unproven. 

XV 

3) Our attitude is to stress experiment. We seek to find out whether 
there are neutrons evolved from palladium electrodes under certain 
circumstances; whether tritium is produced during deuterium evolution at 
palladium electrodes; and whether the sometimes observed excess heat can be 
replicated in our laboratories. 

Of course, we are interested in attempting to bring the reproducibility 
under better control. 

4) When we have obtained reproducibility in the region of > 50%, and can 
instruct others how to do the experiments with the same success rate, then we 
shall investigate the dependence of heat evolution, neutron production and 
tritium evolution as a function of the variables such as overpotential, metal 
substrate, D/Pd ratio, dislocation density, dendritic promontories, etc. 


When we have established some of these dependencies, perhaps in a year or 



so, we shall then have a basis on which to decide if the New Phenomena 
originate in nuclear processes. 

5) We are particularly unenthusiastic in the discussion of the 
application of present theories of fusion in plasmas to idea of fusion in 
electrochemical confinement because we think that the difference of 
conditions, particularly in respect to screening by electrons of deuterium- 
deuterium interaction, is an extreme one, and that it has not yet been 
properly investigated theoretically. 

Our attitude is that we may be in an emerging area of science, and that 
in such situations experiment usually molds theory to fit it. 

Historically, when new science is emerging, it is often reviled and 
denigrated until the new paradigm is accepted. It is, of course, too early 
to say whether this is the situation in this field. 

6) At the time of writing, the phenomenon is less than three months old. 
Two or three years (5-6 Centers, lOO^people) will be the right sort of time to 
think of in order to make a decision as to whether it is worth Big Money. The 
idea that a number of meetings are already planned, and even decisions made up 
on the basis of happenings at them at this time, appears to us to be unwise, 
partly because of the emotional outbursts by physicists which have occurred at 
some of them and the great negativity widely shown; but mainly because of the 
small degree of knowledge among us all. 

Although we welcome criticism, we believe that spending a great deal of 
time in angry condemnation of the phenomena we are investigating is not a good 
way to further understanding of New Phenomena which understandablt exist. We 
would rather tell you in a relaxed way, about our results, and compare them 
with the positive results of others in various parts of the world. We believe 
it is agreement among scientists, particularly between those in various 



countries, which eventually decides what is regarded as "truth” for a few 
decades in a field. 

We think the new (and shaky) "facts" should be isolated from comparison 
with the older theories until the facts are firm and agreed upon - at least to 
a good degree . 

8) About negative results: We think that, in attempts to verify a newly 

claimed phenomena, negative results have much less value than positive ones. 
Negative results can be obtained without skill and experience. 

It has always been the anomalies which can be seen in a Science which 
gives rise to the new ways of thinking which cyclically invade the sciences. 
The constant reiteration of the old way (particularly with the great Anger and 
Emotion) we are seeing among our colleagues and visitors has not been the way 
that changes in scientific attitudes have come in the past. 

Therefore, when persons tell us that they have carried out the 
electrolysis of deuterium evolution in palladium and see nothing new, 

particularly if (as is usual) they are furious about it, have spent little 

time on it, and have little experience as to how to do experiments of the type 
named, we tend to discount their contribution. 

This is particularly so because the phenomena under consideration are 
undoubtedly elusive. Added to this is the fact that the effects - when they 

indeed turn on - are difficult to find in electrodes as small as 1- and 2-mm 

diameters (quickly chargeable) , and can only easily be detected (when they 
display) in most calorimeters when the size of the electrode is something in 
the region of 4-6 mm. However, a 6-mm electrode takes 72 days to charge before 
the experiment can begin. 

Thus, as we are now less than 72 days from the announcement, and as to 
start experiments it will be necessary not only to charge electrodes but to 



gather equipment of various kinds both electrochemical and nuclear, -to say 
nothing of super-pure Pd rods, - it is remarkable that those who were not 
already working in electrochemistry before the announcement was made could 
have made experiments at all, let alone gotten results upon which the National 
Policy (in funding) is to be founded. 

Most of the experiments in which negative results have been obtained have 
come from Laboratories which have little record of research in physical 


electrochemistry; or, when in a tiny number of cases the laboratories were 


electrochemical, little experience in nuclear measurements. 

The most common errors to date are: 

<o 

a) Insufficient charging times. The latter is obtained from the use of 
the formula — 2DT. Our habit is to calculate using this formula for a and 
j3 Pd (hence, 2 T's), and the D is for the two forms of palladium, then double 
the time to allow for possibility of a third form which seems to exist. (We 
get c. 30 days for 4 mms and 72 days for 6). 

>Cv 

b) The second most common error is the use of electrodes less than 4 mm 

Jo 

in diameter. 


There is, at first, an apparent advantage to using these because they 
charge up more quickly. The disadvantage is that the effects they give are 
often too small to see: they need a micro-calorimeter. 

c) Contact with the wet atmosphere eliminates the observation of the 
heat. Water must be excluded from the D 2 O. 

d) Use of inappropriate palladium is difficult to specify. There is 
some evidence is that Johnson-Matthey ' s "puratronic" palladium works best, but 
we do not know why, and the evidence is conflicting. Annealing, hammering, 
cold work, casting, have all been suggested. 



e) The final experiment in which the phenomena are sought should be 


carried out at more than 500 ma/cm"^. After the charging time of 30 days for 
the 4-mm rods and 72 days for the 6 -mm rods, there has to be a further time up 
to 500 ma/cm"^ which may last several days before anything abnormal is seen. 

We do not give up an electrode until 7 days after the current density has 

o 

been turned up to 500 ma cm" . 

f) Much confusion and waste of money is carried out by examination of 
electrodes which have never "woken up". 

When an electrode doesn't show the heat, there is little point in 
examining it in great detail with neutron counters ("the most sensitive in the 
world") or etc., or X-ray monitors. If it does not show heat, it is less 
likely to produce tritium, etc. 




Reports are full of accounts of people who did this and spent time 
seeking nuclear particles and not finding %hem (no wonder, if the electrode 
did not give heat) . 




g) There has been too much accent on very accurate calorimetry. Our 


experience is that when the effect switches on, it switches on very 
definitely, and using the size of rods mentioned above, calorimeters which are 
only measured to ~100 milliwatts can easily measure the effects. 

h) Keeping water out: The separation factor of water to deuterium is 9 
times in favor of water, so that a 0.5% water-containing solution will evolve 
about 5% hydrogen. Small amounts of hydrogen seem to poison the electrode. 

It's probably better to keep the water below 0.1%. 

i) The use of LiOH instead of LiOD: Remarkably, a number of 
laboratories have used LiOH - not good for obvious reasons. 

j) Lack of preelectrolysis of the solution: The latter is very 



necessary, for it removes the water and takes away other undesirable 
impurities . 

k) Lack of knowledge of the Tafel parameters 
Exchange current density? 

Overpotential? 

D/Pd ratio? 

We have found that these vital basic elements are understandably little 
known to physicists working on fusion. It's vital to know them because the 


fugacity developed in the electrode depends upon the detailed relationship 
between the Tafel slope and the overpotential, - and then depends on the 
relevant mechanism of deuterium evolution, intermediate concentration, etc. 

l) Neutron measurements: Arrangements for screening out cosmic ray 

showers are, of course, essential. Neutrons as a function of the state of the 
*,.rf.r.« are informative. 

m) Tritium: Tests for the elimination of chemiluminescence is 


essential. The plot of the tritium build up in the solution as a function of 
time may be informative. ^Conversely, we don't always find tritium when we 
find heat. 

Finally, there Is no doubt that irreproducability is the bane of these 
experiments. We are looking increasingly towards the concept that the 
phenomenon occus at the surface rather than in the interior, although of 
course the state of internal saturation will effect the surface concentration 


of intermediate deuterons . 
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June 12, 1989 


Energy Research Advisory Board 
to the 

United States Department of Energy 
1000 Independence Avenue, 3,W, 
Washington, D,C, 20585 
(202) 586-5444 


TO: Cold Fusion Panel 

The following materials are circulated for your Information. 

1. Memorandum from Dari sane Hoffman with attachment, 

2. Keport by Jacoo Bios! si sen, 

V 

3. Logistical Information for those visiting CALTECH, 

4. Paper from J, 0'M Brockr's,. Taxis AIM, 
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Will 1am Woodard 
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Lawrence Berkeley Laboratory 

1 Cyclotron Rood Berkeley , CnUfornin 94720 


(415) 480-4000 • FTS 451-4000 


June 5, 1989 


TO r Norman Ramsey, Co-Chairman 

John Hul 2 enga, Co-Chairman 

FROM; Darleane C. Hoffman^l 

On Friday, May 26th, I visited at LANL and saw some of the^exper 
set up in an attempt to observe neutrons from electrolysis and . rom T 
with high pressure D gas. In addition, Malcolm .-owier fit si- (INi-11 
setting up an experiment to try to determine whether electrons ere em 
coincidence with the Bursts of n’s generated when deuteratea n ana o 
materials are allowed to warm from liquid nitrogen to room temperaturi 
would attempt to check the fracture hypothesis. 

To my mind, the most credi ble n measurements to date are those oi 
at LANL In Howard Men love's neutron detecttejL system with 34% ef f Iciei 
believe we should either visit these facilities at LANL, or, procaoiy 
expedient alternative, Invite both Dr, Menlove and Or. fowler to brie 
Committee at Its June 22nd meeting Washington, D,C. Their results 
low Ipvel, out scientifically Interesting and important as an explana 
the "Jones" effect. (See attached reprint on the generation of n’s f 
fracturing of LID and subsequent S-0 fussion (e * TO -3 b at Eg “ ,l 
keV and yield of n 1 s » 1 0“ * per 0 . ) It is important to determ me 1, 
similar mechanism can account ^for the bursts of n * s observer «n the L 
experiments. Thus, the experiment Or. Fowler is setting up to determ 
e~s are In coincidence with n*s Is especially Important, This mecian 
would certainly not explain the large heat effect claimed by Pons and 
Flelschman but rolqfit bg consistent with the Inltifll report of ( 

more convincing than Jones* Initial reports because of the LANL. n-det 
efficiency of - 35%), I think the Committee should evai x>te these LA 
experiments, which appear to be the most credible (If not the only cr 
positive neutron results, They are much lower t sn the Frascatt . .it 
results which appear to be an artifact. 
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OBSERVATION OF TRITIUM PRODUCTION DURING ELECTROLYSIS OT % 'V £ ~ H^>° S 

HEAVY WATER SAMPLES USING PALLADIUM HIRES, 


N , j , C * fackh&m, K.L* Wolf, H,E. McLain and Bockris 

Department of Chemistry# Tha Cyclotron Institute, and Department of Nuc. ear 
Engineering 9 Texas AerM University# College Station* Texas / 7 t-4i 


INTRODUCTION 




o 


A research group here has been studying an erfect described by Pom and 
Fleisehmann [ 1] . Research has centered around tfo " Investigation of the 
metallurgy of the palladium, anomalous heat production and the detect! m of 

Co 

nuclear emissions. Here, we describe the^^jssezvation of tritium in §eve i out 


of eleven electrochemical cells, at which could not be produced by any 

process other than a nuclear one, 

EXPERIMENTAL J® 

The electrochemical cells used were 15 ml Pyrex centrifuge tubes, ssalsd 
with Vlton rubber septa. Palladium samples supplied by the Texas Coin 
Exchange, 1 mm by 4 cm, and 3mm by 4 cm In dimension (99.9% purity) were 
prepared as shown in Table 1. All electrode connections were made using 99.9% 
pure nickel wire (0.5 mm). Nickel gauze anodes were used in all cases (99.?% 

I » 

purity) . Electrode connections were fed through the rubber septum t« tne 
outside. 0.1M LiOD was prepared using 99.9% pure lithium metal from Arte 
Associates, added to 99.9% pure deuterium oxide (Aldrich Chemical Co,), in in 
atmospheric bag containing argon. Additions to the ceil (such as ^2° 
^filling) ware performed by using disposable syringes (one use 
equipped with stainless steel needles, Gases evolved during electrolysis we.e 
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allowed to escape through a needle attached to tygon tubing to a m 
bath to avoid light water contamination. All 1=» cells were at first run «c 
60 —•* for Id to 16 days, the 3. slsctrod.s being cb.rg.d for up to 18 
beys, After this tin,., the current density wet Increased to 500 «*=» 
periods of up to 8 hours. The cells were -nltor.d el.ctroches celly 
continuously during this tine. Series of electrolyte were withdrawn fro,. the 

cell using a sterile syringe (later discarded). 

Liquid Scintillation Counting (LSC) was performed using a LKB Uallac 

Model 1219 Rackbeta LSC. A water soluble scintillation cocK.aU ‘^ iosflle 
Research Products International Corporation) was added to 1 mi of sample 

After allowing time for deexcitation of the coc^h, the samples were un in 

, „, aB H Cf% [>r,o and 0. 1M LiOD were fllao 

a double blind fashion. Blank samples Oe H 2 0, D 2 , 

i i tKb cienev of the detector for tritium was 3.%, 

included for analysis. The a.is.citrncyoov 

(n another instrument at this 


Analysis of sample. was also confirm In anoch.r instrument « *.U 

lnscltucion, and additionally ^.on! 


ly byJAa prlwaw and thr.a National laboratories. 

results and discussion 

Tha activity of aaoiplas in disintegrations par nlnuta par ml ol 

aolutlon arc ahown in Tabic 1. In on. of the catla (designated A7> tha build 
up of tritium^ function of time was followed at high current density, and 
tha results ara shown In Fig. 1. The possibility of chemiluminescence of the 
scintillation cocht.il at 0.1K UOD was ruled out by the experimental study 

shown in Fig. 2. 

If tritium i. produced only at high current density <cf. Fig. D. *« 
on th. observed rat. of tritium production, calculation shows that in the 
highest activity sample (cell A3), approximately 10» .toms of trltUm ore 
produced per second, neglecting losses in the g,a phase (which m.y be 
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appreciable).' 

If tritium la produc'd according to th« following aquation. 

2 h + 2 h 3 H + p * “t 02 Mev !l) 

„ t l0 10 atoms par .accnd this would ha aqulval.nt to 2 milliwatt', « 

dat.ct.hl. in «h. calorimeter at present In usa In this laboratory. Calls * 

. . e ca nonrr 002 ub? minute which will be 

and B5 have also shown emissions of to 50 neucr„n- pe. 

described in detail elsewhere. 

Although it has not boon prov.d that tha electrodes wbgh produc'd *. 
tritium raportad hare also produc'd tha Pl.l.qhmann- Pons haat (apptrorlnat sly 
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FIGURE CAPTIONS 

Figure 1. The production of tritium in the electrolyte of cell A7 
(see Table 1) as a function of time, 

Figure 2. The effect of electrolyte concentration on chemiluminescence c 
scintillation coeRteil. 
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TABLE 1 

Call identification, electrode treatment, solution type and tritium activity 

of electrolyte samples . 


CELL ELECTRODE SOLUTION 6 ACTIVITY (d min'W* L ) 

TREATMENT® 


A1 A 1 

A2 A 2 

A3 B 1 

B 2 

AS C . 1 

A6 C 2 . 

A? D 1 

Before high current density 
A 7 After 2 hours at 500 mAcrn 

A7 After 6 hours at 

A7 After 12 hours a 

AS D 

B3 (3mm) B 

B5 (3mm) C 

CELL 1 (6ffim) A 

d 2 o 


3 , 8 


x 10 4 

315 

4.9 x 10 & 
1.2 x 10 5 
7 x 10 6 


0 , 1M LiOD 

Neutralized 0.1M LIOD 
Neutralised 0 . 1M LiOD 


0 * I mM N a 


Key for electrode surfs 
(B) anneal 800 °Cj 10" 5 
(D) electrochemical oxi 


Key for solution 


c Cell that ha* 





prp yt^ eatment : (A) Wo surface pre • treatment ; 

hours ; (C) acid etch, 5M B01, Is minutes 
2 hours 


0.1M LiOD; (2) 0 , 1M LiOE 


0 , ImM NaCN 


neutron activity up to 50 neutrons per minute, 
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WHAT'S NEW, Friday, 9 June 1989 
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Washington, DC 


1. FANG LIZHI FOUND ASYLUM IN THE AMERICAN EMBASSY IN BEIJING on 
Monday, along with his wife Li Shuxian, a professor of physics. 
Fang, a prominent astrophysicist, is the spiritual father of the 
student movement toward democracy in China. Fang had reportedly 
eluded arrest by constantly moving until he reached the embassy. 
Chinese authorities are furious at the US for giving Fang refuge 


2. THE STATUS OF PRC CITIZENS IN THE U.S. WILL BE "LIBERALIZED" 


in light of events in the People T s Republic of China, according 
to a statement issued by President Bush on Monday morning. Later 
that day, the Congressional Human Rights Caucus wrote to Attorney 
General Thornburgh requesting clarification. The letter, which 
was signed by the co-chairs of the Caucus, Reps. Lantos (CA) and 
Porter (IL), specifically asked for guidelines for PRC students 
in the US on J-l "exchange visitor" visas. The Administration 
later announced that J-l visas would be extended for one year 


0 


There are currently about 37,000 Chinese students in the US. 

3. THE NATIONAL ACADEMY OF SCIENCES SUSPENDS EXCHANGE WITH CHINA. 
A message to Zhou Guangzhao, President of the Chinese Academy of 
Sciences said, "We are shocked and dismayed by the action of the 
Chinese government troops against peaceful demonstrators in 
Tiananmen Square and elsewhere in Beijing, with such great loss 
of life. While we earnestly hope to maintain our cooperation with 
your Academy and other Chinese institutions, we must suspend all 
activities for the time being. We do so in outrage and sadness." 


4. IS THERE HELIUM IN THE PONS-FLEISCHMANN CATHODES? We had 
expected to reveal the dramatic results of the Johnson-Matthey 
analysis today (WN 2 Jun 89). The analysis was delivered to Pons 
this week, but he has decided not to make it public until they 
publish a paper sometime, according to James Brophy, Research VP 
at Utah. In the meantime the tension will be almost unbearable. 

5. PONS DENIED THE DOE'S COLD FUSION PANEL ACCESS TO HIS LAB last 
week (WN 2 Jun 89) until he got the OK from the University of 
Utah T s lawyers. In a university run by lawyers, intellectual 
property is no doubt well protected, but it must be difficult to 
know whether it's worth protecting. The panel also intends to 
visit Texas A&M, Stanford, Brigham Young and Cal Tech. Other 
labs, including national labs, will simply be contacted by phone. 


6. A GAO INVESTIGATION OF LIVERMORE IS ITSELF UNDER INVESTIGATION 
by a House Subcommittee chaired by John Dingall (D-MI). Last year 
a General Accounting Office report (WN 22 Jul 88) seemed to clear 
the lab of charges that the x-ray laser was oversold. The x-ray 
laser has since faded into oblivion, which says something about 
the GAO report, but the curiosity of the subcommittee was aroused 
by the discovery that one of the three GAO auditors had been 
hired by Livermore just three months after release of the report. 


Robert L. Park (202) 232-0189 


The American Physical Society 


V4 

c_ 


I 




Energy Research Advisory Board 

to the 

United States Department of Energy 
1000 Independence Avenue, S.W. 
Washington, D.C. 20585 
(202) 586-5444 


co 

v£> 






o 

> 

PD 


June 7, 1989 


TO: Members of the Cold Fusion Panel 

SUBJECT: Agenda for June 19 Meeting at Texas A&M University 


For your information. 


AM 
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Enclosure 




William L. Woodard 
Panel Secretary 
(202) 586-5767 
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PRELIMINARY ARRANGEMENTS AND AGENDA FOR TEXAS ASM UNIVERSITY 


COLD FUSION TASK FORCE REVIEW 
JUNE 19, 1989 

DOE Representative in Charge: William Woodard - Tom Finn 

TAMU Cyclotron Institute: (409) 845-1411, FAX (409) 845-1899 

Contact: K.L. Wolf or Karin Allen 


June 18 
June 19 
8:15 a .m. 
8:30 

8:45 

9:35 

10:15 

10:25 

10:45 

11:35 

12:05 

1:05 

1:55 

2:25 

3:00 

3:50 


AGENDA 

Arrival Easterwood Airport - Hampton House van to hotel 


Hampton House Shuttle to Cyclotron Institute 


,0 


Overview of Effort - Kenneth Hall, Deputy Director, Texas 
Engineering Experiment Station 

Precision Calorimetric Measurements - John Appleby and S. 
Sirinivasan, Engineering Research Center 

Nuclear Reaction Products - Kevin Wolf, Cyclotron Institute and 
the Department of Chemistry 

a 

xSr 

Results and Chemical Explanations 
Packham, Department of Chemistry 


BREAK 

Tour Cyclotron 


John Bockris and Nigel 


Results from Calorimetric Measurements - Charles Martin, 
Department of Chemistry, Kenneth Marsh, Bruce Gammon, Texas 
Engineering Experiment Station 

LUNCH - Cyclotron - Closed Committee Session 

Tour Chemistry - Bockris, Martin Labs 


Tour ERC Calorimeter Lab 


Tour Marsh, Gammon Calorimeter Lab, McClain Tritium Counting 
Facility 

Final Discussion, Cyclotron Institute 
To Airport for 4:30 Departure 
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June 6, 1989 


TO: Cold Fusion Panel 

SUBJECT: Visit to Texas A&M (June 19) and CALTECH (June 20) 


TEXAS A&M 


<?, 


Those who have indicated that they are attending are: Allen Bard, Jacob 

Bigeleisen, Clayton Callis, John Huizenga, Barry Miller, Norman Ramsey, John 
Schiffer, Mark Wrighton, and possibly Richard Garwin** 

Reservations have been made for participants at the Hampton !nn in Coliege 
Station. Their address is 320 Texas Avenue South, and their telephone number 
if (409) 846-0184. The rate is $35.00. If you will be arriving after 6.00 
p.m., please call them with a credit card number to confirm your reservation. 

A block of rooms has been reserved under "Cold Fusion Task For J e • When you 
call them, if you let them know the time your flight arrives at College 

4-u~w ,^n haw q a rmjr+o$v van nick vnu ud. The Inn will also provide 

transportation'^ tto talwklVoi the 19th. Let the driver know that yon 
want to be picked up at the Inn at 8:15 a.m. and taken to the Cyclotro n 
Institute at University and Spence Streets. 

On your arrival at the Cyclotron Institute at 8:30 a.m., go to the 
receptionist who will direct you to the conference room where the meeting will 
begin. Host probably you will be met at the receptmn area by your host Or. 
Kevin Wolfe. His telephone number, if you should need it, is (409) 845 1411. 
The meeting and tours will end about 4:00 p.m. in plenty of time for you to 
return to the airport for those who are going to Burbank on the 4:30 flight. 




CALTECH 

Those who have indicated they are going are: Allen Bard, Jacob Bigeleisen, 

John Huizenga, Barry Miller, Norman Ramsey, and Mark Wrighton. 

Reservations have been made for participants at the Pasadena 
South Los Robles. Your rooms have been confirmed for the night of the mn 
but you should call and given them your credit card number to grantee for a 
late arrival. Their number is (818) 577-1000. The rate is $72. The Hote 
has courtesy vans to take you from the airport to the Hotel. 

Your meeting will begin at 8:30 a.m. and will start in the office of your host 
for the meeting, Nate Lewis. His office, which is about five minutes from 
your hotel, is 9 in Room 210 of the Noyes Building on the CALTECH campus. The 
Nojes Building is near the corner of San Pasqual and Wilson. I will send you 


a campus map as soon as I get it. Dr. Lewis suggests you contact him and let 
him know what specific items or questions you may have. Hl J "“J ber 

if (818) 356-6355. If you cannot reach Dr. Lewis, you can leave a message 
with his Secretary, Pat Anderson. When you know what your departure time on 
the 20th is, Pat will also help you reserve transportation to the airport. You 
should call her with this information by no later than June 16. 

Other members who wish to go on these site visits should let me know as soon 
as possible. 

For all members who are making these visits, as soon as you have selected your 
flights, please let me or Sarah Goldman know so that we can have your tickets 
issued. Sarah's telephone number if (202) 586-5779. 

As I mentioned last week, we were not able to schedule a St ®!J^ d 7 

University on either June 20 or 21st. Dr. Huggins is available on July 6 or 7 
and I would appreciate it if you would let me know if you a J^ e in J® re ^ ed in 
making this trip. One of the two days will then be selected by the Co- 

Chairmen. 
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William L. Woodard 
Panel Secretary 
(202) 586-5767 


cc: Kevin Wolfe, Texas A&T 

Nate Lewis, CALTECH 







Richard L. Garwin 
IBM Research Division 
Thomas J. Watson Research Center 
P.O. Box 218 

Yorktown Heights, NY 10598 
(914) 945-2555 


June 6, 1989 


Dr. Douglas R.O. Morrison 
CERN Laboratoire 1 
1211 Geneve 23 
SWITZERLAND 

Dear Douglas, 


my talk. 



I had mentioned to you my experiments to detect gravity 
waves, and I think you commented in Santa Fe that I had 
"gone on too long" in that activity. So long as you are 
working on pathological science, you might want to have the 
documentation . 

Here is not all of Weber's publications, but all of mine on 
gravity waves. In addition, of course, I have extensive 
correspondence with Weber and others, but what is most 
important is what is published. 





Doug, I am glad that we were able finally to communicate via 
BITNET. It will be easier in the future. 


Sincerely yours, 
Richard L. Garwin 


Enel : 

11/00/75 "More On Gravity Waves," Physics Today, p. 13. 
(110075. MGW) 

05/20/75 "Electronics for the IBM Gravity Wave 
Detector-- Concept, Implementation, and Experience," 
Proceedings 2nd I SPRA Nuclear Electronics Symposium, 
book, (May 20-23, 1975), pp. 77-83, (with J.L. Levine). 
Publisher: The Commission of the European Communities, 
Luxembourg, 1975. (052075EIGW) 

12/00/74 "Detection of Gravity Waves Challenged," 
Physics Today, p. 9-11. (120074DGWC) 

09/23/74 "New Negative Results for Gravitational Wave 
Detection, and Comparison with Reported Detection," 
Physical Review Letters 33, No. 13, pp. 794-797, (with 
J.L. Levine). (092374NNRG) 
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06/10/74 "The Evidence for Detection of Kilohertz 
Gravitational Radiation," presented at the "Fifth 
Cambridge" Conference on Relativity (MIT) . 

( 061074EDKG) 

07/16/73 "Absence of Gravity-Wave Signals in a Bar at 
1695 Hz," Physical Review Letters 31, No. 3, 
pp. 173-176, (with J.L. Levine). (071673AGWS) 

07/16/73 "Single Gravity-Wave Detector Results 

Contrasted with Previous Coincidence Detections, " 
Physical Review Letters 31, No. 3, pp. 176-180, (with 
J.L. Levine). (071673SGWD) 

08/15/76 "Gravitational-Radiation-Detector Observations 
in 1973 and 1974," by M. Lee and D. Gretz, Physical 
Review EL 14, No. 4. (081576.. ML) 


09/28/74 "Comment on a Publication by Bramanti, 
Maischberger and Parkinson on Gravity Wave Detection," 


written by J.L. Levine. 
No. 4. (092874. JLL) 
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AGENDA 


1 . Review of Secretary's charge letter 

- Interim report by July 31 

- Final by November 15 

- Scope of Study 

2. Organization of the Panel 


- Do we want Subpanels? If so, members should be designated, with a 
specific charge for each group 

3. Background Information ,<F 

- What data does the Technical Advisor need to collect and distribute? 


4. Site visits 


‘ visi,s iKr- mt Fw** 

- Where and by whom? 

5. Agendas for June 22 and July 11-12 meetinqs 


meetings 


- Does the Panel want to invite any guest speakers? 

- Are there any gaps in the Panel's group expertise which should be 
supplemented? 

</y 

6. Schedule beyond July meeting 

- Any additional meetings required? 


7. Draft report 


- How best to structure? 

- Who will draft what? 



Received: from CEARN by CEARN. cern . ch (Mailer R2.07B) with BSMTP id 2063; Tue, 
03 J ul 90 15:13:58 GVA 

Received: from dxmint . cern . ch by CEARN. cern . ch (IBM VM SMTP R1.2.2MX) with TCP; 

Tue, 03 Jul 90 15:13:35 GVA 
Received: by dxmint . cern . ch (cernvax) (5.57/3.14) 
id AA14807; Tue, 3 Jul 90 15:10:54 +0200 
Mess age- Id: <9007031310 . AA14807@dxmint . cern. ch> 

Date: Tue, 3 Jul 90 15:13 GMT +1 

From: MORRISON%VXPRIX. decnet . CERN0 cernvax 

Subject: Cold Fusion Update. 

To: rlg20yktvmv 

X-Vms-To: MINT: : "rlg20yktvmv" 


Dear E632 and WA84 Colleague, 23 June - 2 July 1990. 

COLD FUSION UPDATE 

TRITIUM RESULTS EVAPORATE - POSSIBLE FRAUD? 

The 23 Cold Fusion News letters that I distributed were meant to be 
essentially scientific though they gave some news as well. As tihere are so many 
good null experiments and so few good experiments that find positive results 
favouring Cold Fusion, I decided that there was no scientific point in 
continuing. However surprisingly many people ask me what is happening, and since 
there have been some dramatic developments casting very serious doubts on the 
tritium experiments, which Believers consider to be their strongest evidence, 
this is an update. 

Hence this Update is not intended to be conventionally scientific. It may 
concern those interested in Pathological Science: also senior scientists and 
scientific directors since there is growing activity among US politicians 
about scientific fraud and misuse of funds - e.g. the National Science 
Foundation started an Inspector General's office a year ago and now has 
appointed a criminal investigator. Fraud is very, very rare (in my own field 
of Particle Physics the most recent example I know of was in 1924 when the 
positron was "discovered" ) . The result is that often scientific administrators 
react badly throwing buckets of whitewash over their colleagues but acid at 
the honest whistle blower and the media - whereas they could be starting an 
immediate investigation which they can announce if challenged. 

Will those who do not wish. to receive an Update please let me know. 

SUMMARY /VV 

Kevin Wolf of the Cyclotron lab at Texas A&M has announced that there 
was contamination of tritium in the palladium rods he used and this could 
explain the tritium that he had previously claimed. 

Many scientists at Texas A&M had been worried about the possibility of 
fraudulant addition of tritium to the samples of electrolyte sent for analysis 
from Dr. Bockris' s lab and which gave exceedingly high levels of tritium. There 
was a bottle containing tritium in light water in the lab. The samples were 
found to contain light water. Despite repeated requests. Dr. Bockris did not 
take adequate precautions to prevent someone spiking the samples . 

The Senate of the University of Utah has asked the President to resign. 
He says he intends to leave next year. 

Experiments and conferences on Cold Fusion continue. 


SUBJECTS 

1. Tritium in Original Palladium Rods 

2. Possible Fraud in Dr. Bockris' s lab. 

3. Other Tritium Claims 

4. University of Utah Tries to Cleanse Itself 

5. Cold Fusion Experiment in Kamiokande Detector 

6. Future Conferences on Cold Fusion and Anonomolous Effects. 



7 . When did Cold Fusion begin? 

8. Problems in Dealing with Fraud. 

1. TRITIUM IN ORIGINAL PALLADIUM RODS 

At Texas A&M there are four groups 

that have worked on Cold Fusion, those of Kevin Wolf, Dr. Bockris, Dr. Appleby 
and Dr. Martin. The Wall Street Journal has reported that Kevin Wolf who is a 
nuclear chemist working at the Cyclotron lab, might have an explanation of the 
small amounts of tritium he had observed from two of his cells. This was out 
of dozens of experiments he had run and he was currently operating 100 cells 
He had been attempting to explain why he found so little tritium and so rarely 
compared with his neighbour. Dr. Bockris who frequently found enormous amounts. 
One test was to dissolve completely palladium rods as received from the 
manufacturer. Hoover and Strong, and those used in light water blank cells. 

He found low levels of tritium contamination in both cases. He considered this 
tritium in the original palladium rod might be an explanation of his 
occasional findings of small amounts of tritium in the electrolyte. 

Dr. Bockris said he was startled but as the level was so much lower than his 
labs' observations "I haven't changed my mind”. He noted that "about 2/3 of our 
work" used rods from Hoover and Strong, although not from the same batch of 
metal . 

The Wall Street article continues "The chemist also noted that it is highly 
unlikely that positively charged tritium atoms could escape from the negatively 
charged palladium. Therefore even if the palladium wa^contaminated, the 
tritium could not leak out into the surrounding heavy water, he argued". This 
statement may surprise scientists. 

The Hoover and Strong Vice President, Dan Pharr said he was unfamiliar with 
Cold Fusion research - he worked for the jewelry trade and was not concerned 
about low level contamination. 

People who are experts in palladium and reactors are not surprised as 
palladium is often used as a catalyst to combine gases in nuclear reactors. 
Appreciable tritium comes from CANDU reactors which use heavy water, less 
tritium will come from pressurized water reactors and almost none from 
boiling water reactors. The palladium is often recycled later. Hence it is not 
surprising that different samples of Palladium could contain very different 
amounts of tritium. 

One of Dr. Wolf's cells, D6, did give large amounts of tritium. This was in 
late September and was after three months with no positive results, then just 
before a visit by EPRI funding agency, both cell D6 and number 4 of Bockris' s 
lab, gave large amounts of tritium. The cell D6 was in front of Wolf's gamma 
ray counter which did not indicate any gammas - this could indicate that no 
nuclear process had taken place. 

The Electrical Power Research Institution, EPRI, has given money for fuel 
cell work at Texas A&M for some years and increased their grant when Cold 
Fusion was announced. In the autumn of 1989, Texas A&M University asked for 
$1.4 million which was an order of magnitude more - it was for Drs. Bockris, 
Wolf and Appleby labs. 

Dr. Wolf "said evidence that many of the experiments have produced low 
levels of neutrons is still 'pretty solid'". 

David Worledge of EPRI which is funding many Cold Fusion groups including 
Drs. Wolf and Bockris, "explained that attempts to produce tritium in 'cold 
fusion' experiments didn't hold much further promise in trying to resolve 
the controversy. The question was more likely to be resolved by new experiments 
to detect neutrons and to explain the production of excess heat". 

Thus while a short time ago tritium was considered the strongest evidence, 
now Believers are shifting to other experiments. This is in agreement with one 
of the characteristics of Pathological Science where the belief stays the same 
but the supporting evidence varies . 

2. POSSIBLE FRAUD IN DR BOCKRIS' S LAB 

2 . 1 Account 

Science, the official journal of the 

American Association for the Advancement of Science, has published a long 
article by Gary Taubes about possible fraud in the tritium claims coming from 
the lab of Dr. Bockris. Because of the seriousness of writing about fraud, the 
article is very carefully written (it was two months in preparation) . It is 
important to be clear about what it does NOT say; 

1. It is does not say there was definitely fraud 


2. It does not accuse any specific person of fraud. 

However it does discuss the balance between academic freedom and the need to 
guarantee the integrity of Research. It does say that despite many warnings , 
both oral and by memos, Dr. Bockris and the Texas A&M authorities did not 
respond adequately to the problem. Also while no legal statement has been made, 
every person can make their own judgement of what is a reasonable explanation 
of the happenings described below. 

The amounts of tritium production obtained in Dr. Bockris's lab are so 
enormous and so far from the close-to-background values obtained in other labs 
that they are frequently quoted by Believers and were instrumental in 
getting the $5 million released for setting up the National Cold Fusion 
Institute. At . the First Annual Conference on Cold Fusion there were 15 groups 
reporting positive tritium production and as Chemical and Engineering News 
wrote, Believers "point to the observed emissions of tritium as the 
unassailable signature of a nuclear reaction". 

On 22 April 1989, Nigel Packham of Bockris's group started looking for 
tritium in the . electrolyte solution in the cell. He gave the 3 cells to the 
Cyclotron Institute who told him that there a trillion of atoms of tritium 
per millilitre "When I heard this number, my jaw dropped" said Packham. 

Similar huge quantities of tritium occured from time to time, and people 
noted that this "miracle" tended to coincide with important occassions such 

as a visit of a funding agency. One research student who left: said that there 

were just "Too many goddamm 'miracles' in this laboratory" for him. 

t it can be noticed that the tritium counting rate tended to have a sharp 
spike and then a long fall-off which corresponded to the radioactive decay 
°f the tritium and dilution of the electrolyte (as gases boiled off and the 
liquid level was restored) whereas if fusion was occuring for a few days, as 
excess heat observers claimed, then the counting rate would rise steadily for 

these days and then when the fusion stopped, the rate would slowly decrease. 

So the sharp jump could be interpreted as an unusually sharp burst of 

fusion or it could be interpreted as someone having spiked the electrolyte 

sample with tritium. Dr Appleby who was observing excess heat 

for long periods of time, was surprised by the tritium results and asked 

Dr. Bockris "Look, concerning this tritium - are you sure that someone hasn't 

been spiking your cells?" 

In June 1989 when the DOE panel visited Texas A&M, Jacob Bigelstein, who 
isan expert on tritium, was particularly sceptical when he found that 
tritium was being claimed but no neutrons though by charge symmetry and 
experiments, 1 E5 to 1 E9 neutrons per second (a lethal dose) should have 
been observed. However Packham showed results for cell A7 where Bockris 
had wanted to catch a cell in the act of producing tritium. The curve showed 
zero counts at noon, a very slight increase at 2 pm, 500 000 disintegrations 
per minute per ml (dpmml-1) at 6 pm and 760 000 dpmml-1 at midnight. 

Packham had drawn a smooth ^curve through the points indicating a smooth 
rise in the tritium rate but Bigelstein said "Well, your data do not uniquely 
define that curve, I could equally well draw the following kind of graph 
through your data - go flat across at zero until a point around six hours, 
go straight up with a step function and go flat across again" Kevin Wolf said 
"Jake are you implying that someone spiked that sample?" Bigelstein replied 
"Kevin, you said that. I would never say such a thing". 

Normally cells are followed for weeks or months, but it seems cell A7 was 
only followed for 12 hours. Also since this experiment was so important, it is 
astonishing it appears not to have been repeated in almost a year. Another 
surprising feature of this critical experiment was that tritium was observed 
within six hours whereas Dr. Bockris and other Believers often claim it takes 
weeks or months . 

Bigelstein asked if there was any tritium in the lab and Packham said there 
was a bottle of tritiated water, five millicuries worth. 

In a 18 December memo to John Fackler, Dean of the College of Science at A&M, 
Bockris wrote "This possibility (that the tritium was put there by someone) , 
has been taken seriously by us from the beginning. . . . we have monitored a 
certain 

flask containing tritiated water purposely left in its original position. Not 
only did we note the original level of the water in the flask but also we 
measured its tritium content. It has remained unchanged..." However this is 
in disagreement with a memo dated 4 September from Packham which says that 
there are many bottles uncontolled in the lab. 

It was claimed the cell was carefully guarded, e.g. in November Packham said 
the cells "were under guard for that time 24 hours a day, 7 days a week. There 
was one cell (A7) . . . that shows the build up of tritium as a function of time. 


where four people were standing there the whole 12 hours in front of the cell 
when the samples were taken". However Ramesh Kainthla, an Indian post doc who 
was the senior member of the team, who took the samples at 6 pm and midnight, 
said " If you think people were watching the cells all the time that is not 
true. Watching the cell meant a person in the lab, and once in a while (that 
person) came in and checked that the current was passing." "If you want to do 
some mischief, you do not need a couple of hours. You can do it in a very, very 
short period of time." 

In July, Charles Martin who was working on Cold Fusion but not getting 
positive results, suggested to Bockris at a meeting, that he would run 
Bockris' s cells in his, Martin's lab, and restrict access. However Bockris 
did not take this offer. However he did take Packham off the job of sampling 
the tritium "I tried to take Packham off" Bockris says, "because by that 
time all these stories were floating around. Nigel spikes the tritium. 

Everyone thinks Nigel spikes the tritium." 

Dr Martin copied Bockris' s cells and procedure carefully and he controlled 
access. For the case of two cells with Palladium donated by Bockris, he even 
ran them at home in his second bedroom. Finally in January, Dr. Martin 
wrote the final results to Dean Fackler - that none of the 83 cells had 
given significant signs of tritium. 

When Fackler asked Bockris why Martin could not replicate his results, 
he replied on February 2nd "My tentative judgement of today is that a new field 
of chemistry has been formed. As for "why cannot Dr. Martin succeed? . . . we 
cannot succeed either for long periods of time (e.g. 6 to 8 weeks) . The 
important thing is when we do succeed which may be 10 weeks after we switched 
on the electrolysis." Yet miracle cell A7 gave tritium in only six hours. 

In the group' s first paper is written "interference with the experiments 
is considered improbable because of positive results**f rom the Cyclotron 
Institute to which entrance is prohibited except by the usual personnal at 
the Institute." Indeed when Kevin showed me his work, I had to sign in and 
was given a monitor. Also Kevin had to unlock the door of his neutron 
counting room. However it turns out there is no guard nights or weekends 
and Dr. Youngblood, the Director of the Institute, told Dean Fackler that "at 
least 35 faculty and lab personnal had keys that would open that door" . 

The above is consistent with No. 5 of Irving Langmuir's six characteristics 
of Pathological Science: "Criticisms are met by ad hoc excuses thought up 
on the spur of the moment." However on controlling and thinking, these excuses 
do not stand up. This has often happened to me with Cold Fusion. 

These are very suspicious hints of fraud and the Science article contains 
much more, but is not absolute proof, though it would suggest that precautions 
should be taken. However stronger evidence on the possibility of fraud came 
from Kevin Wolf when he tested the electrolyte from a fusion cell run in 
Dr. Bockris' s lab and which had shown a high level of tritium. It had been 
sealed in a container since the previous year. He found it contained large 
amounts of light water. Now if there were fusion of the D20 there should be 
no H20 produced, but if the sample had been spiked with tritiated water from a 
bottle one would expect some H20. On hearing this I contacted Texas A&M and 
was told there was an explanation - during normal operation there was some 
contact with the air and H20 could have got in (or as John Fackler put it 
"there's a concern about that... it is possible that the normal water is just 
condensation from the moist Texas atmosphere) . This sounded to me like 
Characteristic No. 5 again and I suggested that quantative tests be done 
comparing the amount of H20 in the sample with tritium with that in other cells 
with no tritium. However this had been done - Nigel Packham and others had 
tested 8 cells, two of them sealed, and found 30 to 90% H20, an enormous 
amount while Kevin Wolf checked 50 cells in his own lab and "found no more 
than 1% - usually much less in 48 of them." This might seem strong evidence in 
favour of spiking but Packham has told Science that he and Bockris~are not 
ready to abandon their results. 

Kevin Wolf said that "The proper conclusion is that things (in the Bockris 
lab) were so uncontrolled and so sloppy (that) those studies don't mean 
anything. " 

According to AP, John Fackler said last week that "he had no reason to 
believe that fraud had occurred and that there were no plans to investigate 
the cold fusion experiments." "'I have no concrete evidence of anything 
other than fairly sloppy chemistry.'" 

At the NCFI, the Director Dr. Will said that their source of palladium was 
not from Hoover and Strong. He said the amounts of tritium they had seen, 
about 1/2 to 3 times background, were so low "we have not made any big point 
of them. " According to the SL Tribune he said the Institute has begun 



"double-blind" tests to search for tritium. He said 24 labs world-wide had seen 
tritium but only BARC had reported amounts comparable with the Bockris results 
but as complete scientific papers from BARC have not been forthcoming, "Nobody 
is really in a position to scrutinize these results." 

2.2 POSSIBLE CONCLUSIONS 

In view of this information there would seem to be 
two reasonable interpretations; 

A) there was fraud 

B) there was very sloppy science 

Either way, the claims of Dr. Bockris' s group should be excluded from 
compilations of results as unsafe. 

Experience has shown it is very difficult to prove fraud in a court of law. 
However scientists who are accustommed to studying lots of data and drawing 
their own conclusions, can decide for themselves whether the probability of 
fraud is 50%, 90% or 99% or whatever. 

3. OTHER TRITIUM CLAIMS 

At the end of the First Annual Cold Fusion Conference, 
a Los Alamos document was issued which listed 15 labs reporting the 
observation of tritium (my notes give a lower number, but it is not very 
important) . As far as my notes go, only two of these reported enormous 
production of tritium. One was Dr. Bockris' s group which is discussed above, and 
the other was the Bhabha Atomic Research Centre, BARC in India. The latter's 
results tend to show a sharp rise and then a descent similar to results of 
Bockris. Thus the possibility of spiking should not be excluded - it might 
be wise if they were to repeat Dr. Martin's technique of taking one set of 
samples of cells and isolating them (though not necessarily taking them to 
their bedroom! ) 

With the BARC work there are two differences; 

1. The tritium results were obtained by several different divisions of BARC and 
it is said that these divisions are independent. 

2. "A unique feature .... is that the first bursts of neutrons and tritium 
occurred (in 8 out of 11 cells) on the very first day of commencement of 
electrolysis, when hardly a few Amp-hrs of charged had been passed." 

The first of these could be considered strong evidence against spiking 
while the second could raise doubts. 

Several groups at BARC also measured neutrons. They claim that the ratio 
of tritium to neutron production is 1 E6 to 1 E9 (though there are also values 
of 1 E3 and 1 E4) and the Bockris/Wolf groups also claim ratios of about this. 

At the First Annual Cold Fusion Conference this was tuned to 1 E8 and this 
value was repeated as a criterion that satisfactory theories should meet 
- and some did! However there are a very large number of experiments which 
have proved that this ratio is very close to one and hence in agreement with 
charge symmetry and not 100 000 000 as Cold Fusion Believers suggest. 

In a voluminous "Review of the Investigations of the Fleischmann - Pons 
Phenomena" by Bockris, Lin and Packham, graphs are shown of the variation with 
time of the tritium counts for 5 labs. Four of them are consistent with 
the sudden occurrence of tritium and then decay while the fifth is different 
in that there appears to be frequent increases and decreases in the counting 
rate so that it could not be due to a single afflux of tritium. However there 
are two worrying features about this experiment; 

1. The counting rates are very low, 100 to 400 dpmml-1. Now the DOE panel 

report says that D20 normally contains some tritium giving counting rates 
of 120 to 180 dpmml-1. Also due to different characteristics of d and t 
nuclei, there is electrolytic enrichment causing the amount of tritium to 

increase, so that special care is needed to consider values of less 

than 1000 dpmml-1 as anything other than electrolytic enrichment 

2. There are reports that there is a nearby building that occasionally vents 

off tritium and also a nearby accelerator which can greatly increase the 
background. There are no detailed reports of adequate precautions being 
taken by the authors to avoid such local contamination. 

4. UNIVERSITY OF UTAH STARTS TO CLEANSE ITSELF 

4.1 Legal Letters 

The letters that Mr. Triggs the personal lawyer of Drs. 
Fleischmann and Pons (probably mainly Pons as he is an old friend of Pons and 
lives in North Carolina) sent Mike Salamon and his co-workers asking them 
to retract a published paper and enjoining them to silence, have caused 
great offense. The American Physical Society will discuss this at its next 


executive meeting. Also members are offering to help with a legal defense fund. 
However that should not be necessary as Joseph Taylor, who is a law professor 
and vice-president for academic affairs has said the university will defend 
Salamon et al. if he is sued "in the line of duty." Note that solves the 
retraction problem, but if Mike makes a statement outside the line of duty, 
then he could still be sued and the University might not be able to defend him! 
However a little sanity has returned (would like to think that my series of 
protests to Martin Fleischmann helped since in the past he has often corrected 
excesses) . Nature writes that on June 5, Mike "received a letter from Triggs 
apologizing for 'any concerns or misconceptions' his first letter may have 
caused and assuring him that there is no intent 'to limit in any way the lawful 
excercise of your academic freedom' . The letter adds that Pons and Fleischmann 
now 'intend to settle (the) dispute in the court of science through 
publication". Better, but note that the people who asked Triggs to write the 
first letter have not themselves commented, and also there is still an implied 
threat to Mike that he must excercise his freedom "lawfully" - am sure he will, 
but the law of Tort is still a minefield for scientists who believe that if 
something is true, you can say it. 

From what I have heard. Prof Taylor is a wise person - immediately after 
the 23 March 1989 press conference he told Chase Peterson in strong terms that 
it was a major mistake. 

That the University paid Triggs $68 000 for patent work although he is not 
a patent lawyer, has raised some questions. 

4.2 Resignation of President Peterson and NCFI Audit 

After the College of Science 

Dean, Hugo Rossi, and 22 professors protested about misuse of $0.5 m of funds 
being offered to the National Cold Fusion Institute, NCFI, the University 
president, Chase Peterson agreed to a scientific audit to be conducted by the 
faculty and said its members would be appointed in the next few days. Also 
there would be a financial audit. He said he would not resign, "I've considered 
it hundreds of times before in the past seven years, and I will consider it 
again in the future". 

On Monday 4 June, the Institutional Council, the U' s governing board met and 
the chair, James Jardine supported Peterson^ though others were less strong. 

But in the afternoon the Academic Senate met and passed a resolution which 
read in part "The academic senate respectfully requests that the Institutional 
Council and the Board of Regents examine the question of whether continuation 
in office of the current president is in the best interest of the University 
of Utah and the community which it serves". The resolution was proposed by a 
History professor and seconded by a professor of Chemical Engineering. A 
professor of Human Genetics said "the university cannot continue to lurch 
from crisis to crisis" and, an English professor said "I've resisted this 
moment for a number of years.... but it seems to have come to this." It 
appears that there were many things that people were unhappy about and 
Cold Fusion was the straw that broke the camel's back. 

Dr. Pons returned from Europe and gave an off-camera interview where he 
said he would co-operate with the audit and in fact he was ready to turn over 
all of his raw data to a review team, with one reservation - he said they had 
written a 66 page definitive paper that he hopes will be published next month 
and he wants to hold on to the data until after the paper comes out. This 
reservation at first may sound reasonable but is ridiculous as at the 
First Annual Cold Fusion conference at the end of March, Pons gave and 
distributed a paper of 25 pages plus figures in addition, which he said 
contains the essentials - so this looks like a typical delaying tactic. At 
present even Hawkins does not have access to the raw data even though he did 
most of the work. It is to be hoped that the Senate audit committee will insist 
on obtaining the raw data immediately to avoid any chance of them being 
accidentally lost (there are rumours of a critical tape containing raw data 
on the gamma peak from neutrons being accidentally wiped clean) . 

However the Salt Lake Tribune wrote that on 11 June, President Peterson 
announced he would retire in 1991. '"It is my intention to dedicate this 
remaining year to accomplishing my remaining goals and to position this 
university for new leadership following the 1990-91 year. At this time I will 
move on to other opportunities". Despite prior discontent, faculty members 
pledged their support to the president.' 

The NCFI Director, Fritz Will has said he will refuse the controversial 
$0.5 million. Funding is becomming a still bigger problem for the Institute 
as their hopes of getting $160 000 from EPRI decreased when David Worledge 
of EPRI said "We should not proceed with the contract negotations until the 


dust settles.” 

The F/EAC (the NCFI supervisory committee) is in the process of choosing 
members for the two external committees for science and management /financial 
reviews of NCFI. Some people are unhappy about this since the history of the 
F/EAC has not been brilliant. Are they the best organisation to choose people 
which will investigate also their role? And will the review committees contain 
people who are well-informed sceptics of Cold Fusion? Who decided that the 
F/EAC was the best organisation to choose a review committee since the 
University was supposed to do it? 

The SL Tribune says that Dr. Bockris was at one time a candidate for the 
position of Director of the NCFI. 

People who turned down offer of jobs from the University of Utah have 
received a questionnaire asking them their opinion of the State, of U. of U. 
etc. Cold Fusion and NCFI have been mentioned in the answers. 

5. COLD FUSION EXPERIMENT AT THE KAMIOKANDE DETECTOR 

The Japanese experiment 

Kamiokande has probably the best detector of neutrinos from the sun and 
from any nearby supernova as its results for SN 1987A showed. They have decided 
to place a Cold Fusion cell in the heart of their detector towards the end 
of this year. The point is that while well-inf ormed Japanese scientists tend 
not to believe in Cold Fusion, there is no major Japanese experiment that has 
been done on it. Also the public are not well informed. Thus in the magazine 
Kagaku (which is the Japanese equivalent of the Scientific American) I have 
just found out that my notes reviewing ALL Cold Fusion experiments were 
preceded by an article where Dr Ikegami of the Japanese National Fusion 
Institute mentioned only the results presented at the .First Annual Cold 
Fusion Conference and which were only positive and where he concluded that 
there should be something in it. 

The cold fusion experiment would be done this year and I am assured that 
it will not significantly interfere with their work on Solar neutrinos which 
is of great interest as was shown by the controversy at the recent 
Neutrino '90 conference where it was not clear whether the theoretical flux 
of solar neutrinos was different from the experimental values. The cell is so 
small compared with the large volume of the Kamiokonde detector, that the 
effect of its presence is negligable. 

6. FUTURE CONFERENCES ON COLD FUSION AND ANOMALOUS EFFECTS 

\ * Despite recent 

problems, conferences continue to have sessions on Cold Fusion and there is 
one conference devoted to it. This is at Brigham Young University. It is 
markedly different from certain other conferences where only positive 
results were presented. It is called "Anomalous Nuclear Effects in 
Deuterium/Solid Systems". The requirements for papers are clearly stated, e.g. 
"3. Anomalous Tritium Production in Deuterium/Solid Systems 

Papers are requested that support or refute the anomalous production of 
tritium in such systems. Only those experimental results that include 
comparitive blank runs and documentation of initial tritium content should 
be presented." 

This is very different from some recent conferences and one detects the 
hand of Steve Jones. 

Abstracts should be sent to Steve before 15 September. The Technical 
Secretary of this International Workshop is Nate Hoffman at Rockwell 
International Corp., PO Box 1449, Canoga Park, Ca 91304. Fax (818) 700 5118. 

7. WHEN DID COLD FUSION BEGIN? 

Recently people have been trying to find out when 
Cold Fusion started. Steve Jones has a document witnessed by a notary, which 
gives the date for BYU as 1986. But when did Pons and Fleischmann start? For 
their patents to be sellable it is the date of the first experiment which 
counts, not the first to give a press conference. They have repeatedly 
emphasised that they had been working on Cold Fusion for five years before 
March 1989, but have not seen or heard of any firm evidence that justifies this 
claim. It appears that their first successful "experiment" was the melt-down 
of their palladium block. According to Time magazine (8 May 1989) this was in 
1985 but there are other indications that this only occured in about 
the summer of 1988. And their first conventional experiments may have 
started in April/May 1988 and they began to get results in December 1988, 
i.e long after Jones et al. These dates are not well established but when 
Dr. Pons makes his lab notebooks available to the enquiry as he has promised. 


it will become clear. 

It is not sure whether the "melt-down" of the palladium block could be 
considered an experiment as it occured at night when no one was present and 
there were inadequate measuring and recording devices. 

8. PROBLEMS OF DEALING WITH FRAUD 

Scientists are educated to study and believe 
experimental results. And when young they do. Their culture makes them very 
trusting and there results an exceptionally good working atmosphere. However 
magicians such as Randi say that scientists, especially physicists, are the 
easiest people to deceive. This is because they virtualy never encounter fraud 
in their work and rarely hear lies. 

The consequence is that when there are good grounds for suspecting fraud, 
scientists generally do not know how to deal with it. 

Let us distinguish two cases; 

1) If there is no suggestion of fraud, then for the sake of academic freedom 
and for good working relations with your colleagues, then I feel very 
strongly that one should not start or have a special investigative office. 

2) If there are serious doubts and if they have been expressed widely, then the 
the priorities are different. The reputation of the supervisory institution 
is at risk. It and the people implicated need to have a clear opportunity 

to defend themselves. In other words an enquiry should be set up as soon as 
possible . 

Institutions often defend themselves by internal enquiries which are 
whitewash jobs. From the historical point of view, this often succeeds but 
it leaves a bad taste and good people tend to leave the institution. 

Dick Feynman's wonderful account of the Challenger enquiry in his last book, 
is an example of a whitewash that mainly succeeded apart from Dick's actions. 

Supervisors sometimes feel that inviting in the person for him to explain 
is an adequate enquiry but there is the fundamental problem that it is very 
difficult to say to a colleague to his face that there are doubts. To have a 
real enquiry it is necessary to have outside people who are experts in the 
subject. I was at the 23 March 1990 meeting of the National Cold Fusion 
Institute supervisory board where the dubious results and the even more 
dubious financial statement were approved and the correct questions were 
sometimes asked but mildly and and any answer was accepted with little 
thought as to whether it was correct or adequate - the questioning seemed 
a formality. 

So the fact that someone was questioned and gave answers does not mean 
very much. It is necessary to have a record of the questions and answers which 
are agreed by all, for often the explanations change with time or turn out to 
be untenable when checked. And a follow up is needed to check, often 
experimentally, if the explanations are correct. Note that what is suggested 
here does not in any way restrict academic freedom. 

In conclusion, fraud is very, very rare, but if a number of people seriously 
consider it the most likely explanation, then it is best to have an independent 
enquiry quickly. 

Douglas R. 0. Morrison. 

PS. LETTER OF DR STORMS TO SCIENCE 

Have just received a copy of the letter that 
Dr. Storms of Los Alamos has sent to the Science magazine on June 25. It 
contains some results that he said he sent to Gary Taubes on 9 April. 

In it he describes adding some tritium to one of his cells (it is a 
semi-closed cell with a catalyst) and he compares the variation with time of 
the tritium counting rate and the ratio of counts from the electrolyte and the 
gas, with what was observed with Dr. Bockris's cells which gave tritium counts. 
He concludes the two factors are different and hence the suspicion of the 
fraudulent addition of tritium is irresponsible. 

As Dr. Storms letter does not seem to address the basic problem, some 
comments will be made; 

1. Firstly it is important to note what was NOT considered in his letter; 

a) That light water was observed in those of Bockris's cells that gave 
tritium 

b) That the amount of light water was 30 to 90% in the cells that gave 
large amounts of tritium but only 1% or less in Kevin Wolf's cells 
that gave little or no tritium. 

2. It was an excellent initiative of Dr. Storms to try the experiment of adding 



tritium but two main features should have been taken into consideration; 

c) the basic question of light water - he should have added a tritium -light 

water mix which could reproduce the final mixture of the sample with 

30 to 90% light water and a tritium counting rate of about 1 000 000 

dpmml-1 . 

d) One should compare like with like. Apart from the fact one cell was 
closed and the other open, there are two major differences between the 
the Storms and Bockris experiments; 

i) The tritium counting rate in the Storms experiment increases over 
some 20 days and is thus inconsistent with a single spike. In the 
published results of Bockris et al . , the rate jumps suddenly up 
and the increase seems to occur in six hours or less, 
ii) The counting rates in the two experiments differ enormously , so 
different that the two experiments cannot be safely compared. 

In Storms 9 s experiment the counting rate is very low, in the 
hundreds of dpmml-1. 

In the Bockris experiments the counting rate is about a million 
dpmml-1 . 

The rate in the Storms experiment is so low that the DOE panel 
warned that with the increase in tritium due to separation by 
electrolysis, one should treat counting rates of less than 1000 
dpmml-1 with care. 

It is perhaps of interest to compare the power estimated from the experiments 
of Storms, Bockris and Fleischmann and Pons. 

Assuming Storms increases his counting rate by 100 dpmml-1 in 10 days, then 
the average power is about 1 E-9 Watts or a nanoWatt (note 100 dpmml-1 is 
about the normal content of tritium in D20 - it varies from about 75 to 200 
dpmml-1) . 

Assuming Bockris achieves a rate of 7 E5 dpmml-1 in 10 hours, then the 
average power would be a few E-4 Watts or about less than a milliwatt from 
all sources. 

Fleischmann and Pons claim to have measured excess heat of about 10 Watts 
which would have given a tritium rate of 1 Ell dpmml-1. In their first paper 
they indicated a tritium rate corresponding to less than 1 E-7 Watts or a 
tenth of a microwatt. 

If someone should wish to test experimentally the effect of spiking as a 
possibility, then it would be best done by adding a tritium/H20 mixture 
identical to that in the bottle in Dr. Bockris' s lab (the mix is known since 
Dr Bockris said he had measured the radioactivity and the level in the bottle) 
Then an amount should be added which gave 30 to 90% H20. 

Scientists do not like the idea or suspicion of fraud. It would be nice if 
it were to just to go away. But with a vigourous investigative journalist who 
is finishing has a commercial aspect, this is unlikely. A rapid external enquiry 
might be the best way to settle this very, very rare occurrence. 
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Dear Dr. Garwin, 


V<Z> 


This has reference to your fax dated June 11 addressed to Dr. P.K. Iyengar. 
We have also heard recently about the experiments of Wolf wherein he has 
found tritium in unel ectrol ised Pd. In fact the possibility of tritium 
being present in the Pd has been discussed at BARC right from the 
beginning. As such many of the electrolysis experiments used electrodes 
which were thoroughly degassed under vacuum at temperatures of 900°C for 
several hours. One group even produced the Pd pellet by starting from 
specpure palladium powder. In view of the fresh evidence for such 
suspicions Dr.T.S.Mjrthy and his colleague at BARC are writing up in detail 
the preparation and pretreatment of some of their electrodes. 

Meanwhile I am sending you by post a copy of the review paper entitled 
•Overview of BARC studies in Cold Fusion" which we had presented at Salt 

BARC as’ of A^l" 1990^0^ “ Up t0 date revleW of a11 work ln 

Let me conclude by saying that as of today Iam^Ln BARC have no doubts 
about the occurence of nuclear reactions in Pd and Ti. In fact I am quiet 
excited by the microcurie levels of Tritium we are finding in the central 
Ti anode of our plasma focus experiments. This is briefly reported in the 

publTca t ion 3 ^ 61 " * ^ Ut 3 m ° re detailed version is under preparation for 


With best regards, 


Yours sincerely, 
(t0. Srinivasan) 


Dr. Richard L. Garwin, 

IBM Research Division 

Thomas J. Watson Research Center 

P.0. Box 218 

Yorktown Heights, NY 10598 
USA 
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OVERVIEW OF BARC STUDIES IN COLD FUSION 


P.K. Iyengar 

Atomic Energy Commission 
CSM Marg, Bombay 400 039, India 
and 

M. Srimvaaan 
Neutron Physics Division 
Bhabha Atomic Research Centre 
Trombay, Bombay 400 085, India 

ABSTRACT 

, ,, ^ ' v ^. e var iety of experiments have been carried out by twelve independent teams employing 

both electrolytic and gas phase loading of deuterium in Pd and Ti metals to investigate the 
phenomenon of cold fusion first reported by Fleischmann and Pons in March 1989. The experiments 
were primarily devoted to the study of the emission of nuclear particles such as neutrons and tritium 
with a view to verify the "nuclear origin" of cold fusion. In 22 different electrolytic experiments whose 
cathode surface areas ranged from 0.1 to 300 cm 2 , large bursts of neutrons and/or tritium were 
measured, borne of these gave dear evidence that these two nuclear particles were being generated 

% m ini^ e °^4 VL he neut f° n_to_tntlum Yield ratios in majority of these experiments was in the range 
2 1 j . 10 • ihe specific neutron and tritium yields expressed per cm 2 of cathode surface area also 

titted into a systematic pattern. A unique feature of the BARC electrolysis results is that the first 
bursts of neutrons and tritium occurred (in 8 out of 11 cells) on the very first day pf commencement of 
electrolysis, when hardly a few amp— hrs of charge had been passed. 

In gas phase studies copious neutron emission was observed in a Frascati type 
absorption/desorption mode experiment with Ti shavings. Presence of tritium in D 2 gas loaded Pd and 
li samples was established through the technique of autoradiography as well as Ti K X-ray counting. 
In the case of Ti, it was noted that RF heating of samples, in leau of resistance furnace heating 
somehow promotes tritium formation. Most recently it was bund that « 10 16 atoms of tritium had been 
produced on the top end surface of the central Ti electrode of a deuterium filled Plasma Focus device 
after it was subjected to a 80 charge/discharges shots. All in all the BARC studies have unambiguously 
confirmed the anomalous production of neutrons and tritium in deuterium loaded Pd and Ti lattices. 


1. INTRODUCTION 

The announcement in March 1989 by 
Fleischmann and Pons 1 1/ of the occurrence of 
(d— d) fusion reactions ( or possibly some other 
unknown nuclear processes) in Pd metal cathodes 
electrolytically loaded with deuterium , followed 
by reports of the observation of "2.45 Mev fusion 
neutrons" independently by Jones et al during the 
electrolysis of DjO, resulted in a frenzy of activity 
the world over to reproduce these measurements. 
At Trombay several groups having expertise in 
various areas such as hydriding of metals, 
electrochemistry, isotope exchange processes in 
the upgrading of heavy water, fusion plasma 
experiments and neutron and tritium 

measurements devised and 3 et up a variety of 
electrolytic cells during the early days of April 
1989. In a centre such as BARC which has 
nurtured the development of the heavy water 
moderated line of reactors in India for over three 


decades, equipment and expertise for the 
measurement of neutrons and tritium was readily 
available. In the initial experiments the emphasis 
was naturally on the detection of nuclear particles 
rather than '‘excess heat" which required intricate 
calorimetry. The first positive evidence for the 
emission of neutrons and -tritium was obtained on 
21st April 1989 and since then several different 
cells have confirmed these results. 


Meanwhile reports from Frascati 
detection of neutrons from pressurized 
loaded Ti shavings /2/ opened up a 


of the 
D 2 gas 

^ - x - ~ second 

channel of cold fusion investigations. Neutrons / 
or tritium have since been measured in a variety 


was 


of D 2 gas loaded Ti and Pd targets at Trombay 
brief summary of the early BARC work /3 / 
presented at Karlsruhe in July 1989. Report 
BARC— 1500 issued in December 1989 is a 
compendium of twenty papers, documenting in an 
informal style the status of ongoing work, and 


covers "BARC Studies in Cold Fusion" over the 
period April to September 1989 /4/. The 

experimental papers of this compilation Me also 
being published in Fusion Technology /5/. The 
present paper is an overview of all the 
experimental work done at Trombay during the 
first year of the ‘cold fusion era' including new 
results obtained since the publication of 
BARC— 1500 and summarizes the efforts of about 
a dozen independent groups comprising over 60 
scientists and engineers drawn from different 
divisions of BARC. 

PART A: ELECTROLYTIC STUDIES 

2. EXPERIMENTS WITH HIGH CURRENT 
NaOD ELECTROLYZERS (HWD/N t PD/DD) 

2.1 NEUTRON MONITORING 

Three different neutron detectors were 
available for monitoring the neutron yield in these 
experiments. The first was a bank of three BF3 
counters (each of 25 mm dia x 450 mm length) 
sensitive mainly to slow neutrons, embedded, in a 
paraffin moderator block. The second was a 
similar bank of three paraffin encased thermal 
neutron detectors except that they were of the He 3 
type. The third neutron detector was an 80 mm 
dia x 80 mm high proton recoil type plastic 
scintillator (NE 102A) sensitive both to fast 
neutrons as well as high energy gammas. During 
the electrolysis experiments usually one of the 
thermal neutron banks and the fast neutron 
detector were mounted close to the cell while the 
other thermal neutron bank was located about 1.5 
m away to serve as background monitor. The 
neutron detection efficiency was determined with 
the help of a calibrated Pu-Be neutron source 
placed at the cell location and was typically in the 
region of 0.05% to ”1.5%. In later experiments a 
personal computer became available to display on 
line the count rate variations. 


Rny cell. A schematic view of this cell is shown in 
Fig-1- The outer nickel body along with a central 
Ni pipe serve as coaxial anodes. The cathode 
comprises of 16 numbers of specially activated 
Pd— Ag alloy membrane tubes having a total 
surface area of 300 cm 2 .. These tubes are sealed at 
the top and open at the bottom into a plenum 
through which the D2 (or Hj) gas is drawn. 



D'O of >99.75% isotopic purity, containing 
~0 075 i Oi/ml (or ~2.8 Bq/ml) of tritium ana 
moisture free Na were employed for preparing the 
NaOD electrolyte. The electrolyzer cam be 
operated upto a current level of 100 amps 
corresponding to a current density of ”330 
mA/cm 2 , although for continuous operations only 
60 amps is recommended in order to avoid 
overheating. 


2.2 MILTON ROY 
ELECTROLYZER/5/ 


COMMERCIAL 


A diffusion type waiter electrolyzer using 
Fd— Ag alloy tubes as cathodes designed to 
generate ultra pure (oxygen free) hydrogen gas 
had been procured from the Milton Roy company 
of Ireland, sometime in 1988 for the purpose of 
generating Dj gas for use in Plasma Focus 
experiments. Thus it so happened that when news 
of the cold fusion phenomenon reached Trombay 
in March 1989, this cold fusion cell was all set to 
be switched on with DjjO as electrolyte. 5M NaOD 
in DjO was selected as the electrolyte based on 
the recommendation of the suppliers of the Milton 


Run No.l (21st April 1989) 

The cell was initially operated for about 48 
hours with 20% NaOH in ordinary water. It was 
later flushed with DjO and filled with 20% NaOD 
solution in DjO prior to commencement of 
electrolysis on 21st April 1989. Following brief 
operation at 30 amps, the current was slowly 
raised to 60 amps. After about 3 hours at this 
current level both the neutron detectors viewing 
the cell started showing counts well above 
background values. At this time the current was 
raised further and this resulted in a number of 
distinct neutron peaks appearing in both neutron 
detector channels (See Fig. 2). The experiment was 


terminated when the cell current increased on its 
own to over 120 amps at the time of the last peak, 
resulting in the power supply getting damaged. 
The total number of neutrons generated during 
the four hour duration of this rim is estimated to 
have been “4 x 10 7 . 


the large burst of 21st April. 

Electrolysis commenced on 12th June at a 
current level of “60 amps. The BF3 neutron 
detector bank monitored the cell while the He 3 



A sample of the electrolyte drawn after the 
run, indicated a tritium content of “1.5/iCi/ml 
(55.5 KBq/ml), an increase by a factor of “20,000 
in comparison to the tritium content of the initial 
stock heavy water. Taking into account the total 
volume of the electrolyte (250 ml) as well as the 
amount of make up D 2 0 added, it is estimated 
that an excess of “8 x 10 15 atoms of tritium were 
generated in this run. The corresponding 
neutron-to-tritium yield ratio works out to be 0.5 
x 10 8 . This was the first indication to us that the 
neutron— to— tritium yield ratio in cold fusion 
experimentr is anomalously low. 


bank served as background monitor. Except for a 
few small neutron bursts which were observed 
within about half am hour of commencement of 
electrolysis, no neutrons were recorded for the 
next couple of days, although electrolysis 
continued until 17.45 hrs of Wednesday 14th June, 
when the cell was put off. A couple of hours later 
there was another small neutron burst lasting “15 
minutes. (These small bursts tire shown plotted in 
Fig.l of the companion paper from BARC /6/.) 
But on the evening of Friday 16th June, there was 
a large neutron burst (>10® neutrons) lasting for a 
couple of hours. (see Fig. 3) 


Run No. 2 (12th to 16th June 1989) 

A second series of electrolysis runs was 
earned out with this cell in June 1989 after it was 
drained and thoroughly flushed with D 2 0 several 
times. Prior to this a drain tap with a valve had 
been welded to the bottom of the cell to enable 
periodic withdrawal of electrolyte samples. Fresh 
electrolyte solution prepared with stock D 2 0 was 
charged and left in the cell over a weekend. A 
sample of this electrolyte taken on the following 

y ^w 0rmn S S ave a hl Sh tritium level of 
0.32 nCi/ml (11.8Bq/ml), presumably due to 
leach out of tritium left over in the cathodes from 


The week long experiment was terminated 
at this point but the electrolyte was left in the cell 
and the D 2 gas plenum closed leaving the gas at 
an excess pressure of “ lkg/cm 2 above 
atmospheric pressure. Samples of electrolyte were 
drawn every day during the week of the 
experiment and sent for tritium analysis. The 
8 ample drawn on 23rd June indicated a high 
tritium level of 121 nCi/ml (4.5KBq/ml). After a 
lapse of about a month the tritium level in the 
electrolyte was found to have further increased to 

a value of “460 nCi/ml (17KBq/ml), a four fold 
increase since the termination 01 the experiment. 
Fig. 3 shows the variation of tritium concentration 


dvixing the entire course of Run No.2. It may be 
noted that after the large neutron burst the 
tritium level has shown a thousand fold jump 
suggesting that tritium is produced at the same 
time as the neutrons. 
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Fig.3 Neutron and Tritium Output During Run 
No.2 of Milton-Roy Cell 

The integrated neutron yield during this 
experiment was 0.9 x 107 neutron, while the total 
number of tritium atoms generated was 1.9 x 10 15 

The corraponding neutron— to-tritium yield ratio 

Z 0 5 * 10 ^’ L Thl8 w ln remarkably good 

agreement with the results of the earlief Milton 
Roy run, although the absolute neutron and 

A le ds ^ e , lower b y a fac tor of '5. Thus 
e VV. Ag cathode appears to have partly lost its 
capability to support ,f cold fusion reactions" after 
the first run.. 

2.3 FIVE MODULE jflELL WITH mdP 
ELECTRODES/5/ DISC 

This modular five unit cell represents our 

ehSr f temp , t3 at obtaining experience with an 
electrolyzer d^ign which can be scaled up to 
higher capacities if required. Five cathode discs 

fahri °f a* Cn l “ d 1 cm3 volume are 

fabncated out of Johnson Sc Matthev 
^adium( 75 %)-e,l ver ( 25 %)_ a ii ° y sheets (Q ^ 

mm thickness); the anode plates are made of 
porous nickel. The individual modules of the cell 
are clamped together and connected in series, 
t ig.4 gives a schematic sectional view of the cell. 
Ihe cell is capable of operating at currents of upto 
-1 a£ 2 corr 5?P° ndln g to current densities of 

close to ' 10? P r atlng eIec ^ olyte temperatures 
2JL*. C , are possible as the unit can 
withstand internal pressures of a few atmospheres. 

, 7Z° neutron detectors, namely a BF 3 bank 

and a fast neutron recoil detector, were mounted 


close to the cell to monitor the neutron output. 
The system was filled with freshly prepared 20% 
NaOD in DjO on 5th May 1989 and electrolysis 
commenced at a current of 60 to 65 amps (applied 
voltage was 12.5 V). When the cell had operated 
for about four hours a big burst of neutrons 
overlapping two consecutive counting intervals 
was recorded in both channels. Knowing the 
neutron detection efficiencies it is estimated that 
5 x 10 neutrons were generated during that 
burst. It was found that the tritium level had 
JHT^P^d by a factor of “3500 from an initial value 
of 0.055 nCi/ml (2Bq/ml) to a final post burst 
value of 190.3 nCi/ral (7kBq/ml). Considering 
tnat the total inventory of electrolyte in the 
system was 1 liter, this corresponds to an overall 
excess tritium production of *190 nCi or 4 x 10 15 
atoms. It must however be emphasized that this 
does not include the tritium carried away by the 
electrolytic gas stream which was allowed to 
escape. Thus an upper bound to the 
neutron-to-tritium yield ratio in this experiment 
is 1.2 x 10 - ®. 
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Fig. 4 Schematic Sectional View of Five Module 
Cell With Disc Electrodes 

2.4 EXPERIENCE WITH A Ti-SS CELL/5/ 

A .. A Ti-SS cell was quickly fabricated in 
April 89 using readily available components in 
order to obtain some experience with use of Ti as 
cathode material. A 22 mm dia x 150 mm long rod 
(surface area — 104 cm 2 ) of Ti with a flange at the 
bottom served as cathode. An SS pipe of 40 mm 
ID served as anode leaving an annular inter 


electrode gap of '9 mm. PTFE gaskets at the 
bottom ensured coaxial alignment, as well as leak 
tightness. A vent at the top permitted free escape 
of electrolytic gases. A second cell of identical 

withHj'cT ak ° fabncated for use M a c °ntrol cell 

5M NaOD in D 2 0 was used as electrolyte 
The current density was "400 mA/cml The main 
problem with thii cell was the continues 

eafhS tl0n ° f k ? u black “ating of iron on the 
cathode winch unpaired operation. The 

electrolytic solution also developed a pale greenish 
yeHow colour. The electrode surface had Gore' 
to be cleaned frequently and fresh electrolyte 
charged, interrupting electrolysis. On the whokit 
was a messy operation. 

The neutron yield during this experiment 
was monitored by the bank of 3 He*^£X2 
embeddwl in paraffin. The count rate was initially 
about 240 counts/ 10s, comparable to the count 

run A°f^ erv t d d ^ n 3 “ fl aO electrolysis 

^nf Aft f F ab ° Ut 3 , ho l urs of D sO electrolysis the 

S?ncP no K mCre f ed ? l0wly t0 ' 590 counts/10s. 
bir ce no big neutron bursts as in the Pd cathode 

cehs were observed it was suspected that this 

gradual increase in counts could have been due to 

amplifier drifts, etc. On switching off the cell 

d™ 6 i n ° ted / that the c ^ nt ra ^ e came 

fV 38 r T n { 8 / 108 - but lfc not quite 
* th f J“? ler back ? roun d levels. When the cell 
was switched on again however the^ount rate 
att air ed levels of about "590 counts/s once again 
TWuft.r '"'.ration of the cell w L terminated 
ana n w=s confirmed that the count rate 
. ocreased t- tre original background levels when 
the cel, „ae removed from the vicimty of the 

"ounte" d of h T, ', r ° , ; ghout th “ experiment the 
-^ounts of fc he plastic scintillator channel 

monitoring the background did not show any 
signuicant var.ation. In all ~ 3 x 107 neutr^ 
were generated during this experiment. 

at fhe A ,lp j e ° f the eIe .ctrolyte sent for analysis 
at th. enu ct the experiment indicated tritium 
activity of nCi/ml (1.78KBq/ml), a three 
ordtr of magi^tude increase over the initial stock 
soluucn value of '0 05 nCi/ml (1.9 Bq/ml). The 
net excdst tritium produced after correcting for 

worlToir^o -V 01 ^ , UP ° 2 ° Edition etc, 

AdiSM- 7 ^ ° r L4 X 10 ' 4 atoms of T - 

Admittedl> this was not a very clean experiment 
but even so one can obtain a very rougl^value for 
he neutron— t o-tntium yield ratio as '2 x 10 -7 for 
this experiment. 

2.5 Pd-Ti PARALLEL PLATE CELL 


A simple parallel plate cell with teflon 
button spacers was fabricated with Pd (0.5 mm 
thick) and Ti 7l mm thick) plates (40 x 50 mm 2 ) 
? * ctro , de8 - ^ be inter— electrode gap was "2 mm. 
A thin platinum strip was spot welded at the top 
ot the ^rd to serve as current feed through. The 
parallel plate assembly was suspended inside a 300 
ml glass bulb having a wide mouth at the top. A 
vent hole m the stopper permitted escape of 
electrolytic gases. An advantage of this cell was 
that either Pd or Ti could be selected as cathode 
the other serving as anode. 

loon Ekctroiyais was commenced on 15th March 
1990 with Pd as cathode and 5M NaOD in D 2 0 as 
electrolyte. Current density was adjusted to be 
200 mA/cm 2 . Three neutron detectors were 
available for monitoring neutron output, two for 
viewing the cell and the third for serving as 
ackground monitor. Two consecutive neutron 
bursts occurred about 4 hours after 
commencement of electrolysis. The background 
counts was absolutely flat during this rim (see 

k 1 1 j 11 Was P oted that ^e Pd cathode had 
buckled outwards and had become extremely 
hardened. The buckling can be explained on the 
basis of inferential loading of D 2 across the 
thickness of the metal. 
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Fig-5 Neutron Burst of Pd-Ti Parellel Plate Cell 
(15 th March 1990) 

The Pd cathode was immediately taken for 
A-r & y counting to a low energy Nal detector 
assembly. Later it was kept overnight in contact 
with a medical X— ray film for autoradiography. 
d r/c/\ tecb niques are discussed in detail in 
btef/5/). However these did not give any evidence 


of presence of radioactivity. Samples of the 
electrolyte taken immediately after the 
experiment also did not show any significant 
increase in tritium activity which is indeed very 
puzzling to the authors. It is possible that the 
tritium generated had fully escaped along with the 
electrolytic gases. 

electro C l A yt H e ODE CEL1S OTTH L ' 0D 

(AnCD)/5/° W Pd CYLINDER EXPERIMENT 

D , In this quartz cell the cathode was a hollow 
rd cylinder of 1.7 g mass, having a wet surface 
area of 5.9 cm 2 ; the anode was a Pt guaze; the 
electrolyte was 0.1 M LiOD in D£) (99.87% 
isotopic purity). To begin with a current of 1 A 
was used for the electrolysis. After about 30 hours 
when the temperature attained 60 C, current 
pulsing between 1 and 2 A at 1 second intervals 
was, adopted. In the absence of a direct neutron 
detector this group looked for neutron emission 
hrough the 1186 Kev window of the gadolonium 
cap-ure gamma ray peak. The detector was a 3 x 3 
INai crystal mounted behind a gadolonium 
compound coated converter plate. After a charge 
ot 17.5 amp-hrs had been passed, the first neutron 
emission was detected on 21st April 1989. As seen 
m r ig. 6, in all three distinct neutron bursts of 14 



Fig 6 Neutron Yield PDC-I Cell: 

1186 Kev Capture gamma Counts 

to 20 minutes duration each were produced 
amounting to an integrated yield of 3 x 10 6 
neutrons. Subsequent analysis of a sample of the 

6 e i C nn° ytC lndlcated that a total of 3.85 /iCi or 7.3 
x 10 atoms of tritium had been generated in this 


experiment. This corresponds to a 
neutron— to— tritium yield ratio of 4 x 10" 8 . 

3.2 Pd CUBE EXPERIMENT (ROMG)/5/ 

In this experiment the cathode was a 1 cm 8 
of Pd and anode a Pt wire gauze formed into a 
cylinder surrounding the cube. The electrolyte was 
0*1 M LiOD in DjO. The electrolytic gases were 
recombined using a Pd catalyst; excess Dj was 
converted into DjO using hot copper oxide. 
Although the main objective of these experiments 
was measurement of excess heat, in this paper 
only the neutron and tritium results are reported. 

The neutron yield was monitored by means 
of a paraffin encased BF 3 counter mounted 
immediately underneath the table where the cell 
was located. A second BF 3 detector placed about 
a metre away monitored background neutrons. 
The cell electrolyte as well as the D a O collected in 
the various cold traps in the system were 
periodically sampled for tritium measurements. 
Electrolysis was carried out at a current of "0.6 
amp*' After about 24 hrs when "14.7 amp-hrs of 
charge had been passed, bursts of neutrons begem 
to be observed. In all 17 neutron bursts lasting 
from 2 mins to 55 mins each were recorded. The 
neutron yield in the bursts varied from 5 x 10 3 (2 
min burst) to 5 x 10 3 (8 min burst). Altogether a 
total of 1.4 x 10 6 neutrons was estimated to have 
been generated. Thereafter there were no more 
neutron bursts although the electrolysis continued 
for a further period of seven weeks (a total of 1365 
amp-hrs). 

A detailed accounting of tritium 
distributed in various constituents such as 
electrolyte, vapour condensate recovered from 
recombined gases, gases extracted from Pd 
electrode etc was carried out by this group. It was 
concluded that in all about 35 nCi or 6.7 x 10 n 
atoms of excess tritium was produced in this 
experiment. This corresponds . to a gross 
neutron-to-tritium yield ratio of 1.7 x 10' 6 . 

?nrSSN I ? I ? RICAL Pd p ELLET EXPERIMENT 
(ROMG)/7/ 

Here the cathode was a cylindrical Pd 
pellet 11 mm dia x 11.2 mm height and anode a 
Pt gauze as before. The concentration of the LiOD 
electrolyte (120 ml) was increased progressively 
from 0.1M to ~3M and accordingly the applied 
voltage decreased, with the current being 
maintained constant at "4A. The neutron 
detection set up was the same as in the previous 
ROMG experiment. On 13th Feb 1990 when 
3400 amp-hrs had been passed, there was a sharp 


burst of 3 x 10* neutrons lasting approximately for 
about 100 s (see Fig.7). 

A sample of the electrolyte which was 
taken the day after this burst, showed a clear 
eight fold increase in tritium level (64.5 Bq/ml vs 
preburst value of 7.9 Bq/ml). The tritium level 
thereafter continuously decreased as shown in 
Fig.7. But a significant observation was that the 
rate of decrease was not commensurate with 
dilution effects caused by make up D 2 O addition. 
The dotted lines commencing from each 
experimental point in the figure indicates how one 
would have expected the tritium level to fall if 
only dilution was playing a role. This implies that 
additional tritium is continuously entering the 
electrolyte for many days after the sharp neutron 
burst. If this is attributed to diffusion of tritium 
from the inner regions of the pellet, it would 
support the theory that tritium (and neutron) 
generation is not restricted to the surface of the 
cathode alone. 



Fig.7. Neutron and Tritium Output of 
RCS— 11 Experiment 


After the experiment was terminated 
following several weeks of electrolysis, the Pd 
electrode which was found to have developed 
many cracks on the surface, was degassed at 900 
C, and from the volume of D 2 liberated the D/Pd 
ratio at saturation was deduced to be "0.85. 


3.4 Pd RING AND Pd COIL CELLS WIT 
NAFION MEMBRANE (ApCD) 


In both these experiments the cathodes 
were thoroughly degassed and vacuum annealed 
(<10 3 mm Hg, 1070 K, '10 hours) prior to 


electrolysis. The anode was a cylindrical Pt mesh 
covering the cathode on all sides. In the first 
experiment the Pd ring cathode (2.5 cm dia, 1 cm 
height and 0.1 cm thickness) was charged from 
both the sides /5/. In the second experiment a 
thin Pd rod (1 mm dia x 14 cm length) formed 
into a coil was employed as cathode /8/. In both 
these experiments the anodes were loosely 
sandwiched between pairs of Nafion membranes so 
as to prevent the oxygen evolved at the anode to 
diffuse back to the cathode surface. The 
electrolyte (0.1M LiOD in D a O of 99.86% isotopic 
purity) was circulated through the quartz 
electrolytic cell to reduce the dissolved oxygen 
level further. A saturated calomel electrode 
dipping in the electrolyte was used to monitor the 
cathode potential. The cell was operated at a 
relatively low current density of "60 mA/cm 2 . 

Neutron detection was carried out by 
means of a well type counter containing 24 He 3 
detectors embedded in an annular block of 
paraffin. The test cell was located at the centre of 
this well, giving a neutron detection efficiency of 
8.6%. Data acquisition was carried out with the 
help of a personal computer having multi— scaling 
mode facility. The counting time per channel was 
set as 40s. It was ensured that the overall neutron 
detection system was immune to extraneous 
influences which could give false counts. The 
background reference counts was observed to be 
steady at 1.6 cps for about 10 days before start of 
experiments. 



Fig. 8 Neutron Bursts of Pd Ring Cathode 
Experiment of ApCD 


The ring cathode electrolysis experiment 
was run for 32 days commencing from 6th of July 
1989. Between the 14th and 17th days from start 
of electrolysis copious emission of neutrons in the 
form of burets was recorded. Otherwise the count 


rate remained close to background levels for the 
rest of the period. Fig. 8 depicts the neutron 
variation over the entire 44 hour (4000 x 
4Qs) duration, while Fig 9 gives an expanded view 
of a part of the same data. The log scale of the 
counts axis should be noted, indicating that the 
bursts were indeed intense, the peak neutron 
emission rate being "1000 times background 
levels. The total neutron emission over the 40 
hour neutron active phase was 1.8 x 10« neutrons, 
t is interesting to note however that even during 
an intense phase of neutron production the count 
rate suddenly dropped to near background levels 
and remained so for several seconds before 
abruptly climbing back to levels over a 100 times 
the background value. 


neutron to— tritium yield ratio in this experiment 
works out to be 3.2 x 10‘ 4 . 

It is significant that the neutron to tritium 
yield ratios of 10‘ 3 to 10' 4 observed in both these 
experiments are several orders of magnitude larger 
than the values of 1Q-* to lO -6 obtained in all the 
Previous cells. One possible explanation could be 
that the employment of Nafion membrane in 
conjunction with the very low levels of dissolved 
oxygen in these cells might have been responsible 
for preventing recombination of T back into DTO 
Mid instead have allowed most of the T to escape 
along with the gas stream. As noted earlier the 
tritium carried away by the gas stream was not 
measured in this experiment also. 



4. SUMMARY OF 
EXPERIMENTS WITH 
TRITIUM GENERATION 


ELECTROLYSIS 
NEUTRON AND 


< 0 > 

Fig. 9 Expanded View of Portion of Fig. 8 


Th e electrolyte was sampled once in 6 days 
during the experiment and analyzed for tritium 
content using standard liquid scintillation 
techniques. After the neutron active phase, the 
l lum level of the electrolyte showed an increase 
from 0.4 to 1.3 Bq/ml. The cell electrolyte volume 
being 250 ml, this corresponds to an excess tritium 
generation of 1.8 x 10“ atoms. This does not 
include the tritium carried away by the gas 
stream. Degassing of the Pd cathode at 680 K mid 

r - ?jHj atl0n j 0 / . wat , er over hot CuO turnings 
yielded an additional 3 x 10* tritium atoms only 
ihus an upper limit to the overall 

neutron— to-tntium yield ratio in this experiment 
works out to 10* 3 . 

The electrolysis experiment with the Pd 
coil cathode was carried out for 24 days The 
ete'olyte was 0 05M LijSO,. Neutron .mission 
started within 4 hours of commencement of 
electrolysis and lasted for a toted period of 15 hrs 
spread over the first five days of the electrolysis, 
ine integrated neutron yield was 5.8 x 10 6 while 
the tritium yield at the end of the experiment 
amounted to 1.8 x IQ 10 atoms. The 


Table I presents a summary of the 
successful electrolysis experiments conducted so 
far at Trombay wherein significant amounts of 
both neutron and tritium production has been 
observed. Also included (last column of Table I) 
for comparison and completeness are the results of 
an experiment /9/ conducted at the Indira Gandhi 
Centre for Atomic Research (IGCAR) in 
i Kalpakkam, Tamil Nadu, a sister Institution of 

BARC. The main conclusions to emerge out of 
these results are discussed later. 


5. 0TH3R TRITIUM PRODUCING CELLS / 
EXPERIMENTS 

Besides the above electrolysis experiments 
wherein both tritium and neutron production has 
been observed, there have been an additional 11 
cells / experiments wherein clear evidence for 
excess tritium generation has been obtained. 
Majority of these experiments were carried out in 
the various divisions belonging to the "Chemical 
Group " of BARC. Table II summarises these 
results. In most of these experiments neutron 
yield, if any, was not monitored due to 
non— availability of detectors with the groups 
concerned. In the few cases where neutron 
detectors were present the increase in count rates 
if any was not significant enough within the 
statistics of the background count rate variations. 

cells of Table II were of closed type 
wherein the electrolytic gases were recombined by 
means of a suitable catalyst. 

The MR(Jr) cell was a smaller version of 
the Milton Roy cell with 6 Pd— Ag alloy tubes. 
This cell has earlier been used for routine H 2 
generation for several years at the Chemistry 


TABLE I: SUMMARY OF ELECTROLYSIS EXPERIMENTS WITH NEUTRON AND TRITIUM GENERATION 
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Tritium Yield: 

ToteJ (Bq) 2.6x10 s 1 5xl0 7 3 8xl0« 7xl0« - 1.42x10 s 1.3x10* 7.7x10* 325 32.5 6.3x10* 
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TABLE II: SUMMARY OF OTHER TRITIUM PRODUCING ELECTROLYTIC EXPERIMENTS 
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Division. Cell #11 was a very novel cell wherein 
he electrolyte was KOD in the form of a paste 
applied on a multiwire grid electrode system made 
aul r i ate wires (0.5 mm dia) of Pd and Pt 
Although this gave excess tritium of only 2 X 10 10 
atoms (lowest in the Table) it must be noted that 
the total inventroy of electrolyte in this microcell 
was hardly 1.5 ml. In Cell #8 (PDR-I) an RF 
vo tage was superposed on the applied DC voltage 
with a view to ascertain whether this would help 
improve the tritium production. As seen from the 
results there is no evidence of any improvement. 


tjj r^j 6 # 5, 6, k 7 used the same hollow 
Fd cylinder cathode deployed in Cell # 6 of Table 
I (Expt. PDC-I). As in the case of PDC-I 
pnn nt P ulsi ?& was resorted to in these three 
pnn 3 r er !f °[ experiments also. On completion of 

?nn n • hoi llow Pd cathod e was degassed at 

OUU U in a vacuum furnace for over 2 hrs 

pn7- eq m nt electrol y 818 in 0.1 M LiOD (Expt. 
r terminated in an explosion after a charge 

oi 423 amp-hrs had been passed. Careful 
measurements of the tritium content indicated 
that over 2 MBq (1.1 x 10 « atoms ) of exce8S 
tritium had been generated during this 

experiment, (see Table II). This corresponds to an 

!£ Crea ^n l irit , lum inventory by a factor of more 
than 20,000 relative to the total tritium input to 
this experiment. 


neutron diffraction study of the phase changes 
occurring during the deuteration of a Pd rod. It 
comprised of a covered pyrex glass beaker with an 
8 mm dia x 16 mm long Pd cathode of which 11 
mm protruded underneath the cell and was set up 
in front of one of the neutron beams at the 
Dhruva research reactor at Trombay. The portion 
of the Pd rod exposed to atmosphere was given 
thin protective coating of tin to minimise escape 
of deuterium. A platinum cell above the cathode 
served as anode and the electrolyte was 0.1M Li 2 0 
in D 2 0. A 0.18 mm thick Nafion membrane 
between the electrodes helped prevent direct 
recombination of deuterium and oxygen. 
Electrolysis was carried out at a steady current of 
100 mA extending over a period of more than 8 
weeks. Powder diffraction patterns were recorded 
periodically with the help of a 1 metre wide 
position sensitive neutron detector mounted so as 
to provide a 30° angular span. With this 
arrangement the real time development of the 
(HI), (200) and (311) reflections could be studied. 


This same cathode generated tritium two 
more times after degassing and reuse. (PDC— III <k 
IV). But as seen from Table II in each subsequent 
run the quantum of tritium generated decreased 
further. For example in PDC-III while excess 
tritium recovered was 2.96 KBq, in PDC-IV the 
excess tritium was only 629 Bq even after 123 
pnr^ t\ 3 / °l c k, ar si n §- Prior to commencement of 
f Yl V the electrode ha <l been heated to 850 C 
y/ 3 ' 11 vacuum, cooled and again heated to 
, ^ f |! n ^2 gas atmosphere at 1 cm pressure for 3 
hrs followed by degassing again under vacuum for 
3 hrs. This very elaborate pretreatment would 
have cleansed the Pd of any remnant tritium 
Wlthm ‘J* intenor, confirming that the fresh 
amount 629 Bq obtained in PDC-IV must have 
R eC f n ^ enerate ^ dur * n S this run of electrolysis only, 
cut the more important implication of this result 
is a even vacuum heating— annealing does not 

ap . p k ea $ 5° have restored the ability of the Pd 
cathode to support nuclear reactions. 



SCATT. 


20 (DEG) 


Fig. 10 


Neutron Diffraction Patterns at Different 
Deuterium Loadings of Palladium Rod 


Fig. 10 displays the recorded diffraction 
patterns at various loading stages measured in 
terms of amp— hrs of electrolysis. It took an hour's 
reactor time for each spectrum. The Pd electrode 
was initially in pure fcc(metallic) form with the 
lattice constant of 3.89 characterized by the 
four peaks corresponding to a phase seen in the 
bottom most pattern of Fig. 10. New peaks 
indicative of the precipitation of the 0 phase of the 
Pd— D system (lattice constant of 4.02 A 0 ) showed 
up at around 10 amp— hrs of electrolysis. As 
electrolysis proceeded the intensity of the 0 phase 
peaks built up at the cost of a phase peaks. It was 
found that within about 25 amp— hrs the upper 
part of the Pd electrode projecting underneath the 
cell was completely converted to 0 phase wherein 
the lower part required nearly 60 amp— hrs for 

j j' ^ rorn ra ti° of the structure factors of the 
odd to even reflections (S(lll)/S(200)) the 
stochiometry in the 0 phase could be deduced. It 
was summarised from the study that the 
stochiometry at saturation was PdDo.55. The main 
conclusion of this experiment relevant to cold 
fusion is that no new phases develop in Pd even 
after 100 amp— hrs of electrolysis. 

c 

PART B: D 2 GAS LOADING EXPERIMENTS 


could be deduced. The deuterated Pd samples 
were later immersed inside a measured quantity of 
distilled water for a few hours and the 
concentration of tritium in the water measured 
through standard liquid scintillation counting 
systems. The tritium content in the Pd was 
deduced therefrom knowing the gram moles of D 2 
absorbed in Pd as well as the relevant 
equilibration constant (K). 


TABLE Ul 

TRITIUM PRODUCTION IN D|GAS LOADED Pd SAMPLES 


7.1 SEARCH FOR TRITIUM IN GAS LOADED 
Pd SAMPLES/5/ 

In these experiments D 2 gas was loaded 
into Pd samples after thoroughly degassing them 
and a search was made for the possible production 
of tritium in the samples. The tritium produced if 
any along with that in the initially loaded 
deuterium was extracted through isotopic 
exchange with distilled light water wherein the Pd 
sample itself served as a catalyst. From the 
activity measured in the water the amount of 
tritium "produced" in the Pd was computed. 

D 2 gas was generated by reducing D 2 0 with 
Na in vacuum and stored under pressure in an SS 
dewar with liquid nitrogen cooling,, in the presence 
of activated charcoal. The stock D 2 0 used had a 
tritium content of 0.075 nCi/ml (2.8 Bq/ml), 

in r i7 S ^n >nc k n ^ k° a (T/D) isotopic ratio of 3 x 
10 Pd samples either in the form of Pd black 
powder or Johnson k Matthey Pd-Ag foils were 
taken in an SS reaction vessel connected to a 
vacuum system (lO’ 5 mm) through a buffer tank 
01 1 litre volume equipped with a pressure gauge. 
Alter degassing and cooiing under vacuum, D 2 gas 
at 1 atm pressure was let into the buffer tank and 
the system sealed off for equilibration with the Pd 
contained in the reaction vessel for several hours 
or days at times. From the pressure drop 

observed the quantity of gas absorbed in the Pd 


Eipenment No 

#1 

♦2 

#3 

#4 

#5 

Nature of 
MfDpit 

Pd black 
po«d*r 

Pd- A| 
(ui 

Pd-A| 

foil 

Pd-Af 

foil 

Pd-Ac 

foci 

Mm* (*) 

30 

ON 

. 109 

10 4 

0 41 

D*l* of loading 

20 June 49 

34 Aug *9 

19 Sep* « 

7 Mar 90 

19 Sept 49 

Volume wf D* 
ibaorbcd ( mi ) 

1325 

345 

5114 

722 

202 

*.D/Pdl run 

Equilibration 
:.m« ihni 

W*i*r need for 
retraction (mil 

: 

46 

16 

45 

240 

20 

40 

45 

240 

30 

S 

50 

50 

5 

Tritium activity 
jf water (bq/mij 

1.1 

3k 

IS 

12 5 ' 

326 

T/D ruin ut I'd 

37*10’" 

l 1«I0*» 

47a 10*" 

3 4*10-" 

4 3*10*" 

Aboclut* tritium 
activity (bqj 

410.7 

37 0 

4292 

717 4 

159.1 

Total tritium 
atom* in Pd 

2 31*10" 

2 03* 10" 

2 4*10" 

4 1*10" 

I 96*10* 

fmiura atom 
per g of P d 

1.2m tO* 

2 1.10*3 

32*10* 

3 4*10" 

201*10* 


Table III summarizes the results. The 
tritium activity measured in the distilled water 
was a s ’.all fraction of a nCi/ml (5 to 30 Bq/ml). 
The total quantity of tritium estimated to have 
been generated in the Pd foils is in the region of 
10 10 to 10 n atoms. It is observed that the (D/Pd) 
ratios attained following D 2 absorption are 
approximately similar in all the cases (0.20 to 
0.63). The amount of tritium produced per gram 
of Pd sample varies widely, from -vl.2 to 20.8 x 
10 10 atoms/g. As may be expected the higher 
value is consistent with the longer duration of 
equilibration time (240 hours) between D and Pd, 
but the large Pd foil (column #3) which was also 
equilibrated for 240 hours has given only 2.2xl0 10 
atoms of t/g of Pd. In ail cases the finally attained 
(T/D) ratios which are in the range of .3 x 10~ M to 
8.3 x 10" 11 axe two to three orders of magnitude 
higher than that of the initial gas value namely 
3 x 10' 14 . Thus fresh tritium amounting to about 
10 10 or 10 11 atoms appears to have been created in 
the Pd, presumably due to "cold fusion" reactions. 
It is not clear whether the tritium was produced 
during the absorption process or during the 
subsequent "curing" or equilibration phase. 



The presence of tritium in the Pd-Ag foils 
has also been independently confirmed through 
autoradiography . Fie 11 shows the radiograph ofa 
triangular Pd— Ag foil. The image displays some 
non— uniformity in fogging. It was however 
observed that the intensity of fogging of these 
ra Ag foils rapidly decreased when attempts were 
made to reproduce the radiographs on subsequent 

dayS L rl n< * 1C r t i?? fc ^ e tritium retention 

capability of Pd-Ag is not as good as that of 
titanium. 


increase slowly to ambient level, with 
simultaneous evacuation resulting in desorption of 
Da gas from the Ti shavings. This resulted in large 
neutron bursts lasting between half an hour to “2 
hours each as shown in Figs. 12a to 12d. Prior to 
the experiments of Figs 12c k 12d, the D 2 gas 
pressure and temperature were simultaneously 
cycled. While . the first three measurements were 
carried out with the same charge of Ti, the last 
one was done with a fresh charge which could be 
the reason for the slightly different characteristics 
of Fig. 12d. The integrated neutron yield in these 
experiments varied in the range of 10 5 to 10 7 
neutrons. 


4000 


JUNE 3. 1989 (a) 


JUNE 4. 1989 (b) 


AFTER PRESSURE CYCLING 


JUNE 7. 1989 (c) 


JUNE 17. 1989 (d) 


AFTER PRESSURE CYCLING 
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Fig-11 Autoradiograph of Deuterated Triangula] 
Pd-Ag Foil 6 

^ EmMENTS WIT] 


A readily available set up employed earlie 
or high pressure hydriding studies was used fc 
these expenments/12/. Ti metal pieces cut from 
sheet were surface cleaned and subjected t 
activation treatment prior to loading in the higi 
pressure cell. D 2 gas pressure or temperature wa 
cycled between high and low values using liqui, 

emni 660 ' oln 3 T dl type neutron cou ^ te 
employing 24 He 3 detectors embedded in paraffin 

along with the associated data acquisition systen 

described m Sec 34 was used for the neutron yiel, 

detam“balo%. C0UntmS rfflC,enCy ” 


].. eXpenmerits flrst conducted 

June 1989 Ti pieces were to begin wi 
equilibrated with D 2 gas at 10 atm and 77 K 1 
minutes. The temperature was then allowed 


Fig. 12 Neutron Counts Variation During 

F rascati Type Experiment with Ti Shavings 


The authors of these measurements have 
reportedly been unsuccessful in their attempts to 
measure neutrons again in repeated attempts to 
reproduce the earlier results J 13/. However they 
have detected the presence oi tritium in some of 
the newly loaded Ti shavings through the 
technique of autoradiography. For this they 
employed a high speed polaroid camera. A 25 /im 
thick aluminium foil placed between the shavings 
and the photo sensitive film ensured that false 
images are not produced due to mechanical 
scratching of the film by the sharp edges of the 
shavings. The aluminium foil converts the tritium 
betas into soft X— rays which emerge from the foil 



radiographs of the Ti disc shows about 50 to 60 
spots randomly distributed within the boundary. 
The occurrence of spots all along the rim of the 
machined disc is very intriguing. It is estimated 


TABLE IV 

TRITH-M CONTENT IN D, GAS LOADED T. TARGETS 


Dat* n( loading 

14 June 89 

9 June 69 

21 Mar 90 

Shape of sample 

Disc 

Cone 

Cone 

Sample tn«M (g) 

M 

.’206 

2 

D* absorbed (mg) 

.42 

.07 

29 

T activity from 
X— ray counts(bq) 

290 

1300 

5.5x10* 

Date of counting 

16 June 89 

16 June 89 

28 Mar 90 

Tritium atoms 

1.5x10" 

6.5x10" 

3.0x10" 

T/D ratio 

1.2x10** 

3.2x10** 

7-lxlO* 5 


giving rise to image formation. (see Sec. 8 . 3 ). 

7.3 EVIDENCE FOR TRITIUM IN Ti 
TARGETS SUBJECTED TO RF HEATING IN 
D 2 ATMOSPHERE (TPPED/NtPD) /5 / 

In these experiments machined and 
chemically cleaned targets of Ti were individually 
heated to temperatures of upto 900 C in a glass 
chamber using a surrounding induction heating 
coil (1 to 2 MHz frequency, 3 to 6 KW power). 

The glass chamber was connected to a vacuum 
system as well as H 2 and D 2 gas bottles. Degassing 
was initially carried out at 900 C for several hours 
until a vacuum of 10' 5 mm was maintained 
steadily. The targets were later heated to 600 C in 
H 2 atmosphere at a few mm of pressure. The 
induction heater was then switched off and the 
target allowed to cool absorbing H 2 in the process. 

Atleast three cycles of Hj absorption /desorption 
was given "to create active sites for D 2 
absorption". Three such heating/cooling cycles 
were then carried out with D 2 gas. Pressure drop 

recorded by an oil manometer indicated the that each spot corresponds roughly to 10® to 10 10 
quantity of gas absorbed during each cooling atoms of tritium. The total number of tritium 
cycle. It was observed that the quantity of gas atoms in the whole target works out to be "TO 11 , 
'absorbed increased each time saturating in the 3 rd This is to be compared with the 10 1 ® to 10 20 atoms 
or 4 th cycle. of D absorbed in all by the Ti, pointing to a gross 

(T/D) ratio of >10"®. 

The targets typically absorbed <10 ,s 
molecules of D 2 . Since the mass of Ti was a few 
hundred milligrams, this corresponds to a gross 
(D/Ti) ratio of hardly 0.001. However we nave 
reason to believe that most of the absorption 
would be confined to the surface region. This is 
because when a metallic object/ is heated by 
induction heating the current distribution falls off 
exponentially with increasing depth. The skin 
depth 8 characterizing this phenomenon is given 
by S 1 = (s/fx/i) where s and fi are the resistivity 
and permeability respectively of the workload and 
f is the frequency of the applied electromagnetic 
field. For a frequency of 1 to 2 MHz, 8 for Ti is 0.1 
mm. Consequently we believe that the (D/Ti) 
ratio in the near surface region would be much 
higher than the gross value of 0.001 noted earlier. 

After loading, ail the targets were subjected 
to various tests such as autoradiography, K X— ray 
counting etc in search of tritium. Although several 
dozen targets were successfully loaded with D 2 
gas, only a few of them gave positive evidence for 
the presence of tritium. Interestingly the samples 
which soaked up large amounts of D 2 gas did not 
give any positive results. The best results were 
obtained from a disc shaped button (10 mm dia x 
2 mm thick) and a couple of conical pieces meant 
for use as electrodes. Table IV summarizes the 
results. Figs. 13 and 14 are the autoradiographs of 
a deuterated disc and cone respectively. The 
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Fig. 13 Autoradiograph of Deuterated Ti Disc 


Interestingly one of these disc targets which 
was kept in front of a paraffin encased BF 3 
neutron detector and monitored over a week end, 




suddenly emitted a large burst of neutrons on its 
own lasting over a time span of 85 mins (See 
Fig. 2 of companion BARC paper /6/) 

The most intriguing feature of this experiment is 
that ever since the RF heating system became 
defective m September 89, these results could not 
be reproduced even once using a resistance furnace 



switch, a surface discharge is initiated at the 
insulator end. This then develops into a radial 
current sheath which is accelerated by J x B forces 
down the length of the electrode system, sweeping 
the gas ahead of it. On reaching the open end, the 
current sheath turns around on itself forming a 
quasi— cylindrical implosion resulting in a dense 
hot plasma focus” a few cm long and few mm in 
diameter just above the tip of the central anode. 
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Fig. 14 Autoradiograph of Deuterated Ti Cone 

even though the power was higher and much 
greater quantities of D 2 gas could be absorbed. It 
was only in March 90 when a 1MHz furnace 
became available that a conical target once again 
indicated the presence of /iCi amounts of tritium 
(See Table IV). The authors are therefore obliged 
to conclude that oscillatory electric and magnetic 
tields somehow play a crucial role in stimulating 
anomalous nuclear reactions on the surface of 
these machined Ti targets. In this context the 
recent Coherent Theory of Cold Fusion proposed 
by Hagelstein /14/ appears to give some 
theoretical insight as to possible mechanisms 
wrucn could explain these observations. 

^ n ^ L0 JL™I ium production in 
electrode of a plasma 

FOCUS DEVICE (NtPD)/15/ A 
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Fig. 15 Schematic Diagram of a Plasma Focus 
Device With Central Ti Electrode 


, , F , oc ( PF ) devi « forms a high 

density (10 25 lons/m 3 ), high temperature (10 7 K) 
plasma which produces an intense burst of 


During January 90 an experimental 
program was underway to study the influence of 
anode material on the characteristics of the 
plasma created and consequently on the neutron 
production mechanisms of a PF device. Brass 


neutrons when operated with deuterium eas/lfi/ P, uctlon m ® ch ^ nisms of a PF device. Brass, 

This device has a vacuum ? J aluminium, stainless steel and titanium were 

coaxial cylindrical electrodes conneotedTa 311 " 8 !, ° f lnvestl S^ ted for neutron yield systematic under 
Corning £ass iZlItor It the Van ° m deUtmUm prcS3UrM A" 10 

onpn i r i r 


cuu ana leii 

open at the top. Fig. 15 shows a schematic diagram 

Dret^ ma US . deV, ,^ L ° f the “ed « the 

conn , experiments When this coaxial gun is 
connected to a high voltage (15 to 50 KV) 
capacitor bank with the help of a spark gap 


During the experiments with a Ti anode, 
about 80 charge/discharge shots were carried out. 
After each shot the chamber was flushed and filled 
with fresh Dj gas. Some of these shots were 
performed with the central electrode operated 




exposures. There has been no change in the 
resolution or clarity of the images even after a gap 
of a few months. The very sharp worm like lines 
are believed to be due to /3 • from tritium bearing 
grain boundary regions near the surface, while the 
intense diffuse spots are due to soft X-rays (Ti K 
X-rays) emanating from deeper layers of the 
titanium electrode. As in the case of the RF 
heated Ti disc autoradiographs (Fig 13 ) the 
presence of spots all along the periphery of the rod 
is noteworthy. In order to rule out the possibility 
of image formation due to tritium contamination 
in the Dj gas, the other electrodes (Al, SS and 
brass) were also tested for radioactivity. But none 
of them showed any activity confirming that the 
phenomenon is unique to Ti. 

During all the 80 PF shots it is estimated 
that atmost 10® (d— d) neutrons could have been 
generated due to hot fusion reactions. Since in 
conventional (d-d) reactions (both beam target 
and hot fusion) the neutron— to— tritium branching 
ratios 1. it follows that not more than 10® 
tritium atoms could therefore have been produced 
during the shots. It is totally unrealistic to expect 
or postulate that all this tritium would have 


with negative polarity. This mode of operation 
would direct the deuteron beams of a few hundred 
KeV energy which are known to be generated in 
PF devices, towards the central electrode. The 
neutron yield in every shot was recorded with the 
help of a bank of calibrated activation type silver 
cathode Geiger Muller counters located close to 
the device. Typically with "3 KJ of stored energy, 

10 neutrons were produced in each normal shot 
i.e. when the central electrode is used as anode. In 
the polarity reversed mode of operation also 
neutrons were produced but the magnitude of the 
neutron burst was an order of magnitude smaller. 

i . , In yjT of the special role of Ti in D 2 gas 
loaded cold fusion experiments, the Ti electrode 
was tested for induced radioactivity using 
autoradiography immediately after the experiment 
on two consecutive nights (4^ and 5 El » Jan.90) No 
image was found at that time. But five weeks later 
(on 9 th Feb 90) using a new Nal detector set up it 
^ d ^ CO y. er f, d ,. that a 8ur Pnsingly high activity of 
392 nCi ( 10 l ® atoms of tritium) had built up on 
the surface of the Ti electrode which had been 
exposed to the plasma focus shots. To confirm 

nil* 3 ’ i; e r< ?^ was subjected to overnight or postulate mat au tms tritium would have 

autoradiography once again. As seen in Fig. 16 a succeeded in getting absorbed on the Ti anode 

very beautiful and impressive image was obtained. surface. Even if th& were true, it still can not 

explain the 10'® atoms of tritium measured on the 
tip of the Ti anode. But the even more intriguing 
question is why was it not seen in the radiographs 
taken on the same night of the experiment as well 
as on the following night? Although the presence 
of large amounts of tritium was first detected only 
five wee's later, it is possible that it might have 
been produced any time in the intervening period. 

The authors suggest that the intense 
electric and magnetic fields involved in the 
operation of a PF must have had some role to play 
in causing "cold fusion" reactions on the tip of 
the anode. Repeat experiments using planchets of 
Ti mounted at the top of a brass anode have 
however not shown any activity so far. A fresh 
stock of pure D 2 gas as well as a new Ti electrode 
are awaited for repeating the experiments under 
identical conditions prevalent in the earlier 
successful experiment. 

7.5 OBSERVATION OF HIGH TRITIUM 
LEVELS IN AGED DEUTERATED Ti 
TARGETS/5/ 

The Division of Radiological Protection of 
BARC had procured a number of deuterated 
titanium targets on copper backing during 1972 to 
1981 for dosimetry studies with accelerator based 
neutron sources. Twelve such targets were 
available, nine procured from M/S Amersham 



Fig. 16 Autoradiograph of Central Ti Electrode of 
PF Device (5 Weeks After Charging) 

This image has since been reproduced several 
times through repeated autoradiographic 



International of U.K. and the remaining three 
from the Isotope Division of BARC. In view of the 
various studies involving deuterated titanium 
targets described in the earlier sections, it was 
conjectured that cold fusion reactions might have 
occurred in these "aged" targets over the past 9 to 
18 years and if so, it was argued, they should 
contain considerable amounts of tritium. In order 
to check this hypothesis these aged targets were 
subjected to various studies for establishing the 
mapitude of tritium in them. Five different 
techniques namely autoradiography, Ti K X-ray 
counting with Nal and high purity germani um 
detectors, j3 counting with proportional counters 
and current measurements with an ionization 
chamber were used. The details of the targets, 
measurements and results are described in Ref 
/5/. It was found that the absolute tritium 
»?o ten f in — e tar S ets varied between 0.3 and 150 
MBq. Inquiries with the suppliers of these targets 
indicate that while inadvertent contamination 
during manufacture to the extent of a few hundred 
is in principle a likely possibility, 
contamination levels in the MBq region is difficult 
to explain. The tritium levels in these aged TiDx 
targets expressed in terms of the (T/D) isotopic 

w £* 3een to vary in the ran S e of 0.07 to 3.5 
* 10* • For comparison the tritium activity of the 
D 2 O moderator of a CANDU type power reactor 
is atmost 30 Ci/1 even at saturation, 
corresponding to a (T/D) ratio of 10?. In 
contrast the (T/D) ratio of fresh D 2 0 from a 
factory is typically in the region of 10 _1< to 10" 13 
only. Hence the authors are inclined to speculate 
that a plausible explanation for the unexpectedly 
high tritium levels in aged deuterated Ti targets 
could be the occurrence of cold fusion reactions.. 

8.measur ement of tritium levels in 

AQUEOUS AND METALLIC SAMPLES 

As a consequence of the many years of 
operational experience with heavy water 
moderated research and power reactors in India, 
considerable expertise has been built-up in the 
area of tritium measurements, particularly in 
moderator and coolant circuits as well as in 
environmental samples. The status of 
development of the field of "Tritium Measurement 
and Applications" was reviewed recently at a 
Symposium /17/ held in Bombay to mark the 
golden jubilee of the discovery of tritium in 1939. 

8.1 Analysis of Acqueous Samples 


The tritium levels in the electrolytes and 
other aqueous samples was measured by expert 
groups at the Isotope and Health Physics 
Divisions of BARC. Commercial liquid 


scintillation counting systems such as Packard 
Instruments Model 4530 or LKB Systems Model 
1215 (RACKBETA— II) which provide automatic 
quench correction facilities were employed. *°K 
free vials were used. Commercially available 
scintillation cocktail, INSTAGEL, was found most 
suitable as it gave minimum chemiluminiscence. 
Double distilled water was used for diluting 
samples to reduce PH level as well as quenching 
impurities. In some electrolyte samples 
chemiluminiscence effects entirely masked the true 
tritium signal. Fig. 17 shows the 

chemiluminiscence decay curve; of one such 
"difficult" cample which did not cool down even 
after several hours of dark adaptation and decay 
time. 



Fig. 17 Chemiluminscence Decay Curve of a 
Severe Electrolyte Sample 


Chemical and photon quenching effects 
were encountered in other samples resulting in 
compression of the tritium spectrum. In order to 
confirm that the spectral output of the electrolytic 
samples falls well within the tritium spectral 
region, an experimental sample which did not 
show any chemiluminiscence or quenching effects 
was spiked with a tritium standard and the pulse 
height spectrum was checked and compared with 
that of the test sample. In the case of LiOD based 
electrolytes a systematic study has been carried 
out to study the influence of alkalinity on the 
measurements. 

The Pollution Monitoring Section of BARC 
has recently developed a flow detector for on line 
measurement of tritium levels in gas and liquid 
phases /17/. The flow cell has a volume of 15ml 
and is packed with 5 /im thick plastic scintillating 
fibres. A pair of photomultiplier tubes viewing 
from the sides and operating in coincidence 
measure the scintillation rates, due to tritium. 


8.2 /^-particle and K X— ray Counting of 
Deuterated Ti and Pd Targets 

The presence of tritium in the near surface 
region of deuterated Ti and Pd targets has been 
“j & through the technique of (3 particle 
and Al K X-ray counting. The /3s were counted 
us . m ? ®^her a proportional gas counter or a plastic 
scintillator. In some of the strong sources pico 
amp levels of ionization current could be measured 
using an ionization chamber. The range of the 
tritium p (energy < 18.6 keV) in metallic samples 
is < lmg/cm 2 . Some of the excite the 
characteristic K X-rays of Ti ( "4.5 kev) whose 
mean free path for absorption in Ti is however 
10mg/cm 2 . Thus these X-rays are able to escape 
from deeper layers of the Ti than the /3 s . Using a 
tugh resolution germanium detector or a 1mm 
thick Nal detector these soft X-rays can be 
conveniently counted. 

8.3 Autoradiography 

As mentioned already the technique of auto 
DAD^ ra P^y ^ en employed very effectively at 
BARC to study the spatial distribution of near> 
surface tritium produced in deuterated Ti and Pd 
targets. In order to obtain good resolution the 
samples were kept in contact with medical X — ray 
fi m and exposed overnight. The fogging' of the 
13 ^ Ue com bined effect of tritium /5b an< j 

the K X-rays excited in the host metal lattice. 
Sometimes a stack of two films was mounted close 
to the sample and it was observed that the second 
film also gives a similar but fainter image ruling 
out the suspicion that image formation could be 
due to mechanical (scratching of films) or 
chemical reduction effects. 


9. CONCLUSIONS 


V 


Experiments carried out by a number of 
totally independent groups employing diverse 
experimental set ups have unambiguously 
confirmed the production of neutrons and tritium 
£ 0 ™ in electrolytically loaded and gas loaded 
rd/Ti lattices. 

Tables I & II present in a nut shell the 
main results of the/ BARC electrolysis 
experiments. It may be noted that in all 22 
cells/experiments have yielded excess tritium 
varying over a wide margin of 10'° to 10 ,e atoms. 
Roughly half of these may be described as having 
been "doubly successful" since in these both 
neutrons and tritium were measured. The main 
conclusions to emerge from the electrolysis 
experiments may be summarized as under: 


(a) The most important observation is the 
surprisingly low neutron— to-tritium yield ratio, 
first reported by us at the Karlsruhe meeting in 
July 1989 /3/. 8 out of the 11 doubly successful 
cells of Table I have given values in the region of 
10 to 10-« for this ratio, while two experiments 
have given a comparatively larger value of 10' 3 to 
10 4 . These ratios may be considered as 
overestimates since in most of the experiments the 
tritium escaping with the electrolytic gases has 
not been accounted for. 

fb) The Trombay electrolytic experiments 
have also convincingly demonstrated that both 
neutrons and tritium are generated concomitantly. 
This is evident from the sharp increase in the 
tritium concentration of the electrolyte 
immediately after a large neutron burst in several 
of the experiments. 

. (4 - Another significant observation 

pertains to the specific charge passed per unit of 
cathode surface area, namely amp— hrs/cm 2 at the 
time of the first neutron burst. This quantity 
which may be called the Switching on charge 11 is 
seen to be in the range of 0.6 to 3.2 amp-hrs/cm 2 
in 8 out of the 11 experiments of Table I. In the 
remaining three cells (all of which have used LiOD 
as electrolyte) the switching on charge is an order 
of magnitude or more higher. 

. (d) It is significant that in all the five 
experiments which used 5 M NaOD as electrolyte 
the switching on charge was < 3 amp— hrs/cm 2 . In 
the isoh ,ed instance where LijSC^ was used the 
switching on charge was the lowest namely 0.15 

‘ hr/cm 2 among ail the experiments reported 
in Table I. 

(e) In 8 out of the 11 cases of Table I the 
first neutron burst has occurred on the very first 
day of electrolysis, in fact within 9 hrs of 
commencement of electrolysis (except for 
experiment #7 where it occurred after ’24 hrs). 
This seems to be a unique feature of the Trombay 
results. 

(f) It i3 also worth noting that one amp— hr 
or 3600 coulombs corresponds roughly to the 
charge carried by the deuterons required to load a 
few grams of Pd (associated with each cm 2 of 
cathode surface) to a (D/Pd) ratio of ‘0.6. In 
practice since only a fraction f 10 ‘ 30%) of the 
deuterons bombarding the cathode actually get 
absorbed in it, the experimentally observed 
switching on charge of < 3 amp-hr/cm 2 ) is 
consistent with the common sense expectation 
that a (D/Pd) ratio of atleast 0.6 should be 
achieved before nuclear processes involving 


deuterons cm be expected to take place. 

(f). Except for the Ti-SS cell (Cell#l of 
Table I) in all the other ten cells neutrons are 
produced in one or more large bursts of magmtude 
several times the background values. But in all 
cases after a limited period of nuclear activity the 
cells becomes inactive, no matter for how long the 
electrolysis is continued. 

(h) Inspite of the wide disparity in cell 
designs, it is observed that the specific neutron 
yield i.e the integrated neutron yield per unit area 
of cathode surface, lies in the range of 10 4 to 10 s 


impressive high resolution autoradiogrpah, is 
puzzling indeed. Finally the unexpectedly large 
levels of tritium in decades old deuterated 
titanium targets adds to the pool of puzzling 
results. 

On the whole however, the results obtained 
by a number of independent experimental groups 
at BARC during the first year of the ‘cold fusion 
era* has provided ample evidence of the occurrence 
of anamolous nuclear processes in Pd and Ti 
lattices loaded with deuterium. 


except for the two experiments where a ACKNOWLEDGEMENTS 


n/cm 2 

Nafion membrane was present between the 
cathode and anode (Cells # 9 & 10). The specific 
neutron yield in these two cases is 1 or 2 orders of 
magnitude higher. 

(i) The specific tritium yield (see Tables I 
II) has shown a greater overall variation 
ranging from 4 x 10 9 to 1.7 x 10 14 t/cm 2 . In 10 of 
of 22 cells it is in the range of 10 12 to 10 14 t/cm 2 
while most of the other cells have given values in 
the region of 10 10 to 10' 2 t/cm 2 . 


We are very grateful to all the authors of 
the individual BARC cold fusion papers for 
readily supplying experimental details and results 
for the preparation of this overview paper. We 
wish to thank Drs R.M. Iyer and T.S. Mur thy for 
many fruitful discussions. The considerable help 
rendered by A. Shyam, T.C. Kaushik, R.K. Rout, 
V. Chitra, S. Ranganekar and D.V. Periera in the 
time consuming task of editing and formatting of 


(j) The BARC teams generally operated 
only one cell at a time. The overall "success rate" 
defined as the percentage of cells which produced 
tritium or neutrons in relation to the total number 
of cells operated is estimated to be more than 
70%. The groups who used NaOD as electrolyte 
had perhaps an even higher success rate. 

(k) The BARC experiments possibly 
include the largest sized electrolytic cold fusion 
cells (measured in terms of either cathode surface 
area (300 cm 2 J or total current (100 amps)) to 
have been employed so fax. 

fl) Unfortunately it has not been possible 
to conclusively establish whether the neutron and 
tritium producing reactions occur only on the 
surface of the electrode or over the whole volume 
of the cathode. But the delayed appearance of 
additonal tritium in the electrolyte, at times even 
when the cell was off, indicates that tritium slowly 
leaches out from the inner regions of the electrode, 
giving some credence to the volume effect theory. ’ 

The gas phase experiments of BARC have 
spanned a variety of novel approaches and 
diagnostic techniques. The observation that RF 
heating of titanium targets in D 2 atmosphere 
promotes tritium production is interesting. The 
arge amount of tritium (10>« atoms) found on the 
top end surface of the central titanium electrode 
of a plasma focus device, particularly the very 
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ANOMALOUS NUCLEAR EFFECTS IN DEUTERIUM/SOLID SYSTEMS 
an international progress review 
October 22-24, 1990 

July 19, 1990 (second revised mailing) 

Dear Colleague: 




An international workshop is planned for October 1990 to review 
progress on "Anomalous Nuclear Effects in Deuterium/Solid Systems". 
The workshop will provide an opportunity to exchange the latest 
information on the specifically nuclear effects associated with 
studies of "cold fusion". A particular effort is being made to 
involve researchers from Japan, the Soviet Union, India, China and 
Europe. The workshop will be held at the Brigham Young University 
campus in Provo, Utah, U.S.A. The emphasis will be on nuclear 
physics and geophysical experimental data, with theoretical 
contributions also solicited. The subjects of calorimetry and 
electrochemistry will be discussed only as adjuncts to observations 
of nuclear reaction products. 


The sponsors for this workshop are the Electric Power Research 
Institute, Brigham Young University, and the U.S. Department of 
Energy. The organizing committee includes Dr. V.B. Belyaev (Dubna 
Laboratory, USSR), Prof. S.E. Jones ( BYU ) , Prof. K. Nagamine 
(University of Tokyo), Dr. F. Scararouzzi (Frascati, Italy), Dr. M. 
Srinivasin (Bhabha Institute of India), and Dr. D.H. Wor ledge 

(epri) . . . . 

We would very much welcome your participation. The sessions 
planned are as follows: 
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1. Anomalous Neutron Production in Deuterium/Solid Systems 


We request papers that support or refute the anomalous 
production of neutrons in such systems. Only those 
experimental results that include comparative blank runs and 
characterize the natural background should be presented. 


2. Measurement of Electromagnetic Radiation or Energetic-Charged 
Particles in Deuterium/Solid Systems 

Papers that involve X-ray, gamma or charged particle detection 
are requested. 

3 . Anomalous Tritium Production in Deuterium/Solid Systems 


Papers are requested that support or refute the anomalous 
production of tritium in such systems. Only those 
experimental results that include comparative blank runs and 
documentation of initial tritium content should be presented. 
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ANOMALOUS NUCLEAR EFFECTS IN DEUTERIUM/SOLTD SYSTEMS 
An International Progress Review 
22-24 October 1990 

July 18, 1990 

Dear Colleague, 

The organizers of the progress review on "Anomalous Nuclear 
Effects in Deuterium/Solid Systems" wish to thank those who have already 
indicated their interest to participate. Nearly one hundred people have 
responded to the meeting announcement, including scientists from the 
Soviet Union, Japan, Europe, India, the China, Korea, Argentina, Canada 
and the United States. We feel that this is a proper-sized group for 
effective information exchange, although we do not wish to discourage 
additional participation. Participants include those reporting 
anomalous nuclear effects in condensed matter as well as those who have 
found no such effects. We welcome all interested parties, as this 
promotes careful, peer-reviewed scientific progress. The workshop 
format, along with ample opportunities for informal discussions, will 
encourage free exchange of ideas and networking of researchers. 

We have asked that abstracts for talks be submitted before 
September 15, 1990, to allow us sufficient time to organize the sessions 
while allowing the abstracts to be as up-to-date as possible. Please 
submit abstracts to Prof. Steven Jones, Dept, of Physics, Brigham Young 
university, 176 ESC, Provo, Utah, 84602, U.S.A., fax: (801) 378-2265. 

The information provided below will help with transportation, 
dining and lodging arrangements. For assistance in these areas, you may 
contact BYU Conferences, Nuclear Fusion, 154 Harman Building, Provo, 
Utah, 84602, U.S.A., (801) 378-4851. For assistant on other subjects, 
contact Nanette Hamm at (8030 378-4516. 

Reaistration 

The administrative fee for the progress review will be $90 U.S. Please 
register by mail using the enclosed form. 


Registration materials can be picked up Monday morning, October 22, 
1990, beginning at 8:00 a.m. at the BYU Conference Center (CONF), Room 
2297. (No activities are planned for Sunday evening.) 


Transportation 

The Salt Lake City (SLC) International Airport is approximately 45 miles 
(75 km) north of Provo. One may drive south from the airport on 
Interstate 15 to Provo (maps enclosed). Alternatively, shuttles from 
the SLC Airport to and from Provo hotels are provided by Key 
Transportation ( ( 800 )-678-2360 , or (801) 328-2360), with a desk at the 
SLC airport. Cost is $15 one way, $27 round-trip. Reservations should 
be made in advance. 


Transportation between the BYU Conference Center and the four motels 
recommended for the conference (see below) will be provided. 
Transportation to Robert Redford's Sundance Rescrt in Provo Canyon for 
the banquet will also be provided. 
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Lawrence Livermore National Laboratory 


June 16, 1689 


Or. William Woodard 
Enemy Research Advisory Board 
U.$. Department of Enemy 
Washington O.C. 


Oear Dr. Woodard 

Please find, as you requested, a short summary of the experimental and 

'SSEW.WV' a U h * Lawrence Livermore National UborefZl' on the 

eubjert of cold fusion i( f *port$ 4 tf&ns and 

were •Ow^taht with ou» 
present understanding. >wever the importance of sucbfejujw approach to 

*? « reat 1 1 •arge number of our st£$i$ts began in earns »t 

toexam ine th rapidly becampclear that there v/er » 

two classes of experiments 


(1) Those the; 
electro chemical can 


& 


(2) Those that measured 
loaded Pd electrodes in elec 

produced no excess 


easured excess hepUjQh D 2 loaded Pd eiectrodes in an 

nann, Srinlvasan, Huggins ) 


isii number of excess neutrons from I >2 
k iical cells, however these ceils 
at, Frascattl laboratory results) 

and ^fVj^^asearoh have shown that there is no reason to 
believe that D 2 In a paiiadK^pf matflx should fuse and cause the observed he it 

nau . tr ^ Furthermore we have been unable to measure 

JUiu 1 baat pi ?5fco* >n In Dg loaded palladium-electrode electrochemical 

fSm /^?ii ) *K e ^ C ?S^^ll vaS u 1 n 01 Texas w ® hav ® ®*arrtlned palladium 
from cells that appeared to have generated excess heat but we see no 

evidenoe of fusion ** no He3 or He*, tritium, or neutrons. 

i n ^*S3? m < a ? t8 that . V ,n c J a8$ ^ aboV0, wh,ch delude the Initial 

of J< i n ? 8 *! a,f wa hav ® rtieasured no neutrons. In experiments 
02 pressured titanium metal, we, LANL, Frascattl and others may have 

fhftllL m2!,?pLi fa V na »*!!?, n5, but m are not y et convinced of the aocuracy of 
hi. SrS!?^T n,8 * < W* we 0re conv,n ®»^ that this class of experiments 
obae^^ u J 0 t u, tuslon or accompanying heat, there are some curious 
oDservatlons that should be explained, but at a low funding level. 
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In summary we believe that at the National Laboratory level there is little 
additional work to do In the area of cold fusion. Please see the attached shet t 
for a more detailed explanation of our results. Thank you for this opportunltv o 

describe our results 
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